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PREFACE 

This book has been designed to provide an introductory course in map 
reading and practical geography suitable for use in the upper forms of schools 
and in first year University classes. Care has therefore been taken to include all 
that is required in the subject for the various Higher School Certificate and 
University Intermediate exammations. The first ten chapters, especially those 
dealing with Ordnance and Weather Maps, contain much material suitable for 
School Certificate purposes. 

The scope of the book will be apparent from the table of contents. The 
chapters have been so arranged that matter required in connection with the 
variou.s examinations may be easily refetred to. Thus Fart I. directly covers 
the London University Intermediate Arts and. Science syllabus in Mapwork. 
Part II. first gives some elementary asjiects of surveying relative to map-making, 
and then in Chapter XVIII. deals with the interpretation of Geological maps 
as an aid to the study of topographical maps. Thus Fart II. will serve as an 
introduction to the knowledge of sur^'cying methods and uses of instruments 
required for most degree examinations in Geography. 

A notable feature is the inclusion of portions of seven actual Ordnance 
Survey maps. These, together with the notes provided, should prove invaluable 
to the student. The weather map is also dealt with in great detail, and many 
typical examples arc reproduced and discussed. 

The problem of map makin g is approached in a clear manner, so that students 
will realise how survey work gives the data for the map, and why particular 
projections arc selected for particular purposes. Simple graphical methods for 
constructing important projections are carefully explained. 

Many useful questions and exercises have been included at the end of the 
book. These have been carefully selected and grouped into sections, at the head 
of which reference is made to chapters dealing with the subject of such sections. 
Many of the mapwork exercises are actual questions set at various Cambridge 
School Certificate and Higher School Certificate examinations, and for permission 
to include these thanks are due to the Local Examinations S3mdicate of the 
University of Cambridge. They form excellent groundwork for map analysis 
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exercises set in London Intermediate and ramilar examinations. Many, are based 
on Ordnance Maps, and are more concrete than “manufactoied” examples. 
Numerous origmal questions are set on the Ordnance Maps included in this book, 
and most of them can be applied to other Ordnance ULips. Some tolerably 
advanced exercises are ^ven in connection 'with Part H. They are mainly 
designed to emphasise the application of surveying methods to mapwork. 

Thanks are also tendered to the Directors of the Ordnance Survey, the 
Geological Survey, and the Meteorological Office, as well as to the Controller of 
H.M. Stationery Office,' for permistion to reproduce certain maps and diagrams, 
etc., and to Messrs. J. H. Steward, Ltd., for the loan of blocks for Figs. 86, 87, 
88, 96, 97, 106, 110, 114, and 115. Acknowledgement is made to Messrs. George 
Boutledge, Ltd., for permission to use some diagrams <ficom the writer’s Eastern 
England. In the text spedfic reference is made 'to suck diagrams and to 
those reproduced by permission of the various authorities noted above. 

Professor A. G. Ogilvie of Edinburgh University, Professor Kenneth Mason 
of Oxford Univertity, Mr. J. A. Steers, Dean of St. Catharine’s College, Cambridge, 
have read proofs and made valuable su^estions concerning chapters devoted to 
subjects in which they are specially interested. Dr. B. E. Dickinson of University 
College, London, has hdped with useful suggestions. To all these and to Mr. 
S. L. Boot, who l^dly checked the mathematical calculations, the author expresses 
his deep gratitude. 

J. B. 


NOTE TO THE SECOND EDITION 

For this revised edition certain diagrams have been redrawn or amended, a 
few new diagrams have been introduced, and new matter has been incorporated 
in Chapters L, 11., IV., VII., XIII. Endeavour has also been made to 
simplify, and remove any ambiguity £com, portions of the text, and the 
Ordnance maps have been inserted in slightly different and more convenient 
positions. The diagram numbers and page numbers remain, however, 
substantially the same as in the previous edition. 


J.B. 
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CHAPTER I 

OUR CONCEPTION OF MAPWORK AND OF PRACTICAL GEOGRAPHY 
RELATIVE TO MAPWORK. TYPES OF MAPS 
1. INTRODUCTORY 

The term “mapwork” may seem rather vague and generaKsed, but it is 
usually taken to comprise the study of various -types of map, and consideration 
of the methods and principles underlying map construction. 

We shall assume that the map is before us, and that in an elementary study 
of maps we are mainly concerned vrith an attempt to analyse it and to explain 
what it is intended to depict. It is with such aspect of mapwork that the earlier 
chapters of this book are concerned. Later chapters will deal with some aspects 
of map construction, including elements of the field-work on which maps, par- 
ticularly large-scale maps, are based. Li some respects this order may seem 
illogical. It might seem more logical at the outset to ascertain how a map has 
been made, or at any rate to link the details of construction with description and 
analysis. This is not expedient, because it is possible to use a map without 
knowing how it has been made, but such knowledge adds to the interest of map 
study and is required in more advanced examinations. Some examination 
^llabuscs require merely study of certain maps, with no knowledge of the 
surveying methods necessary in the construction. 

The second part of the book is concerned with certain aspects of map con- 
struction, which, when desired, can easily be correlated with earlier chapters. 
For instance, methods of contouring (Chapter XVII.) can readily be correlated ' 
with the study of contours on a large-scale map (Chapter lY.}. In this book 
the term “practical geography ’’'includes surveying and other details of map 
construction. It includes what is sometimes known as the “ cartographical and 
diagrammatic representation of geographical data,’’ in other words, the preparation 
of distributional maps and graphs founded on statistics illustrating some aspect of 
geography, such as climate, trade, crops, stock, or population (Chapter YIII.). 

' M. P, 0. 1 
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2. PROBLEMS OF MAP MAKING 

All maps are xepiesentatioDS on a plane smface of some part of the earth. 
On globes which represent the earth, distances and the relative position of 
places are reckoned with reject to certain lines known as parallels of latitude 
and meridians of lon^tude. (See Chapter XL for explanation of latitude and 
longitude.) On the globe, such lines are circles. At the e:^ense of sacrificing 
truth to a greater or lesser degree, it is possible to project them on to a plane 
surface, and a network known as a graticule or projection is the result. Such 
network is the hatis of properly drawn maps, but there are many types of network, 
some of the most important of which will be treated in later chapters (Chapters 

XL, xn.,‘.xm.). 

The most important problems of cartography, v^hich is the sdence of map 
making, are; — 

(1) Selection of a suitable scale, which determines the size of a country on 
the map compared with its real size. 

(2) Choice and construction of a projection. 

(3) Cartographic representation, namely what to show and how to show it, 
particularly (a) the facts of physical geography concerning the relief and 
hydrography, '(6) the facts of human geography, especially settlements and 
communications. Methods of cartographici representation should be designed to 
show as much as possible compatible with easy legibiliiy. This is all bound up 
with the limitation of map representation due to scale, which is treated in the 
next chapter. A very important aspect of cartographic representation is 
lettering, which should be designed not only to produce the utmost legibility 
allowed by the scale, but also to emphasise the relative importance of physical 
features, towns, and political divisions. 

(4) Use of colour, lithographic processes, and printing. Formerly maps were 
produced entirely in black, but now colour is largely used to show relief, water 
features, rends, vegetation, etc. Selection of suitable tints to show relief is an 
intricate matter, and when different colours arc used a map is printed irom many 
plates, each requiring a separate printing. Great and care are necessary to 
ensure proper correlation of the various colours and tints, and their correct 
relation to symbols and names which have been printed in black. , 
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In criticising methods of leptescnting facts on a map it is always necessary 
to consider, hearing in mind the limitations of the scale, what geographical facts 
should he shown and in what respects the map falls short of an ideal standard. 
At the end of Chapter YU. are hints for the critical cartographical examination 
of a map. 

1 ^ 

3. TYPES OF MAPS AND THEIR STUDY 

* ^ f 

Ordnance maps is the name applied to various types of Brirish maps 
produced by the Ordnance Sun^ey, which is manned largdy by Royal Engineers, 
hut is under the Ministiy of Agriculture and Fisheries. Its Director is always a 
distinguished officer of the Royal Engineers. Ordnance maps were &st made in 
the ciffhtoenth century, and were based on surveys by Engineer officers, being 
intended for military purposes, such as defence against invasion. Chapters IV., 
V., VIL. deal mainly with Ordnance maps, principally topograpMcal ones and 
the largcr-scale plans. 

It is obvious that a large-scale map of even a small country would be very 
inconvenient for general use if printed on a single sheet of paper, and therefore 
such maps arc produced on a series of related sheets, each one of which deals with 
only part of the whole area. One type of sheets, such as those of the British 
Ordnance maps, has rectangular bounding sheet^Hnes not related to the lines of 
latitude and longitude, so that sheets can generally be fitted together without 
much inconvenience, though sometimes neighbouring sheets overlap. In another 
type of sheets the sides arc straight, but the top and bottom arc curved, being 
bounded by curved parallels of latitude. These and the meridians are plotted 
for each sheet and only a limited number of sheets can be fitted together (see 
page 155). 

The possibiliries and limitations of scale cause maps to fall into various classes, 
each ndth distinctive characteristics. The largesb-scale maps arc sometimes 
known as Cadastral maps. They arc really plans. Tlic very large scale allows 
full detail to be given, such as the boundaries of fields, individual buildings, etc., 
and therefore these maps are useful for purposes of taxation or to define property 
in legal documents. The ,6 inches and 25 inches to the mile Ordnance series are 
termed plans. 

Topographical maps are large-scale maps founded on precise surveys, and 
^ow* considerable detail of natural and man-made features. They are not on so 
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large a scale as cadastral maps, and cannot sliow detaOed property boundanM. 
They are nseful to motorists and walkers, to soldiers during manoeuvres and in 
wartime, and to geographers studying the regional geography of an area in some 
detail The principal topographical maps of the Ordnance Survey are those on 
a scale of one inch, half-inch, and quarter-inch, respectively, to the mile. For 
the <'eo«»rapher, probably the most valuable maps are topographical maps, and 
it is'witii their study that this book largely deals. In a study of topographical 
maps it is necessary to examine the methods of -representing reUef and drainage, 
in order to obtain same idea of the physical features depicted. Knowledge of 
the various methods of representing rdief and ability to visualise a mee 
dimension picture of what they represent is necessary (see Chapter IV.). 
Especially important is abiKty to read contours, namely, linra on the map made 
up of all points which in the actual country are the same height above sea-level. 

A thorough grounding in some of the elementary principles of physical geography _ 
is indispensable if full advantage is to be derived from analysis of physical 
features shown on the topographical map. A chapter (VI.) endeavoixre to 
explain a few points connected with physical features such as stream valleys. 
Various ^bols known as conventional rigns are used by the cartographer to 
represent natural features such as marshes and olifife, man-made features such as 
roads, railways, buildings. It is necessary to know them and to e^qplain 1*eit 
pres^ce, which can often be done by a consideration of the influence of physical 
features. Conventional signs are dealt with in Chapter TV., and th eir ap plication 
is often apparent in the analyses of typical Ordnance maps (Chapter VH.). Much 
of the study of topographical maps should be devoted to interpretation of land 
forms and thrir influence on human ^ography, such as the distribution and 
character of settlements, and the development of coimnumcations. 

Foreigk Maps. — This book deals essentially with British maps, but after 
studying these the student may care to examine some foreign maps similar to 
them in scale and purpose, and to make comparison. Fomgn coimtries which 
use the metric system fed a scale of one-inch to the mile inconvement, and for 
maps corresponding to our one-inch series have adopted^ a scale of 1 : 50,000, 
which is approximately one-and-a-quarter inches to the mile. Approximately, a 
scale of I'-: 100,000 corresponds to our half-inch and a scale of 260,000 to om: 
quarter-inch. ‘ A scale of 80,000 (nearly inch to the mile) is used on some maps, 
especially on a French series. Some foreign maps, particularly the French 
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1 : 50,000, show more varied detail than ours, and some diow features which do 
not occiur in Britain, as the gladets of Switzerland. 

An important map is the International map, which, with the co-operation of 
various countries, was designed to produce a uniform map of the World, divided 
into sheet® uniform in scale, size, shape, and style of drawing. Chapter IV. of 
Hints’ Majjs and Survey has a helpful description and criticism of the Inter- 
national map. Chapter V. deals with " Hie maps of Europe,” and Chapter VL 
witli “ Other foreign maps both chapters give analyses of typical sheets on 
various scales of the official maps of foreign countries. French, German, and 
Swiss .®hccts on the scales noted above will repay study. 

ATI.AS M.\ps. — Atlas maps are on a smaller scale than topographical maps, 
and generally show details condensed and generalised from such maps. Few 
atlases have a scale as large as 1 : 1 million (nearly 16 miles to the inch), but in 
The Tunes Survey Atlas of the World the maps of France and Germany, each 
covering several sheets, are on this scale, and the British Isles sheet-maps of this 
atlas arc on even a larger scale, namely 1 ; 633,600 (10 miles to the inch). - The 
Times Atlas maps are much larger than those of the ordinary school atlas. It is 
a work of reference, and there are a, few foreign atlases similar in scope. 

To-day the best school atlases, de^ite their limitations of space and the 
necessity of keeping the price -within a reasonable limit, are compiled on logical 
and scientific lines. Maps of the world showing relief, vegetation, climatic data, 
or ocean currents, ought to be drawn on the most suitable projection, and though 
sometimes improvement could be suggested, a good modem atlas usually shows 
wise choice of projections. The continents and the larger countries often have a 
physical map and a political map on opposite pages, drawn on the same graticule 
and scale, so that the political map can be read in the light of physical factors. 
Where two such maps are not deemed possible, boundaries, routra, railways, and 
other political details are usually shown on a colour-layered relief map, and if 
some overcrowding docs result, such a map is better than the purely political one. 
Some atlases give distributional maps, sometimes of crops or natural vegetation, 
of occupations or mineral deposits, but such maps are not always based -on 
quantitative statistical data and arc too generalised to be anything more than a 
broad guide as to the location of, say, temperate grassland (often largely Under 
cultivated crops), or the rice-lands or rubber plantations of the tropical zone. 
It is not easy to make a good distributional map on a small scale. 


6 Oar Conc eption of Mapaork and of Practical Geograp}^ 

Distributional Maps. — ^Maps which, with the aid of certain symbols or 
nlini^in g schemes, show the distribution of crops, stock, or people in a given area 
are known as Distributional maps. Such maps dealing with crops, stock, or 
mi nPTulH are sometimes termed Ciommodity maps. The distribution may show 
actual figures, generally es^rcssed in round numbers, or may show numbers of 
stock or people per square mile or per 1,000 acres, or percentage of area under 
any specified crop. Di Chapter VIII. the various methods ofmakingdistributional 
maps, with their respective advantages and disadvantages, are discussed. 

Weathee and Cumate Maps.— Each day Weather maps are prepared for 
that day by the j\Ieteorological Office in London from data founded on observa- 
tions made at various observing stations. They deal mainly with temperature, 
prPfigiiTfl, winds, and rainfall, and in addition to showing the general weather 
conditions of the British Tries and adjacent re^ons at a specified lime, form the 
hnaiR of a weather forecast for the succeeding twenty-four hours. Various 
symbols (see page 95) are given on each weather map to indicate certain ai^ects 
of weather. Study of weather maps includes ability to read them and to describe 
the current weather conditions, as wdl as to sugg^ likely developments in the, 
near future. Weather maps dealing with their own local conditions are issued 
by the larger European countries, the United States of America, Canada, Australia, 
ete. If a few specimens of any such maps can be obtained; much benefit will 
result from their study and comparison with the British maps. 

Weather maps deal with conditions at a specified instant of time. Climate maps 
with the sum total of weather conditions spread over a longer period, for instance, 
a month or a year. The data for weather maps are absolute, that is, conditions 
which were actaally observed at the time in question. Climatic data are generally 
averages for a considerable number of years or months as the case may be. A 
map showing January temperatures would be based on the average figures for 
the Januaries of as many years as possible. A mean annual ramfoU map would 
be based on the average rainfall of many years. A weather map usually shows 
the various elemcuts of weather on the same map, for instance, temperature, 
pressure, winds, rainfalL A climatic map is more ^ecialised, that is, there are 
generally separate maps for temperature, pressure, rainfall, etc. Given a set of 
such maps for January and July, usually (in the Northern Hemi^here) the 
coldest and hottest months, or better s^l, for January, July, October, and 
April, representative of eacli season, it is possible to build up a generalised 
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description of the climate of a region. Weather may be compared with the news 
in a daily newspaper, climate with the summary of a year’s events. 

Publication of British weather maps was suspended during the War of 1914-18 
and again in 1939. 

6coi.O(tIC.\l ]\Iafs. — Some maps show the distribution of different rocks, 
usually in combination with contours, so that they guide us in interpreting 
physical features and in tracing their evolution: such maps are called Geological 
maps. They are useful aids in the study of physical geography. Chapter XVTII. 
is a very elementary guide to the reading of some of the more common features 
of such maps. Geological maps of newly developed colonies are very important 
as guides to mineral wealth and soils. Government geologists, on whose surveys 
such maps are based, perform very 'I'alaable work, especially where mineral 
deposits or artesian water may moke all the difference between a district being 
developed and settled or left derelict. Geological maps should be made on the 
basis of topographical maps. The geological data of such maps must be inserted 
upon a previously constriicted topographical map. 


CHAPTER n 

SCALES: TTTBTR IdEANINGr, USE, A^ CONSTRUCTION 
1. THE MEANING OF SCALE 

Scale has the meaning of a ratio. It signifies the proportion -which a length 
on the map hears to actual distance on the .ground. To speak of the scale of 
one inch to a mile means that if we measure one inch as the distance between 
two churches shown on the map, this distance would be a mile in the actual 
country. 

If the earth were perfectly flat, such a definition would apply without any 
qualification. The earth, however, is not flat. On a small globe tty to paste a 
tiny piece of paper to cover, say, Denmark. It would probably not pucker and 
would remain flat. Now tiy to cover Europe or the Americas -with a larger piece 
of paper. This would show wrinkles and creases, and might reqiure folding -to 
make it fit on the globe. Small-scale maps of large areas suffer most from 
errors of scale, and large-scale .maps of small areas least, in fact, very little for 
practical purposes. 

It is not possible that the scale of any map should be correct in all directions. 
Some projections, however, pve correct scale in certain directions, as along 
particular pa mllftlB and meridians. On other parts of -the map the scale may 

not be true. __ 

In determining scales it is necessary to bear in mmd the purpose for which 
the map is intended, as well as the amount and the character of the detail to be 
shown. Town plans require a large scale in order to show the outline of buildings. 
An atlas map detigned to show the general distribution of high land and low 
land need not be on sq large a scale. 

2. USE OF SCALES 

It is that on any plan or map there should be some indication of the 

scale in order that distances may be easily calculated. There are -various -ways 
of indicating scale. In British maps the scale is indicated by one of two common 
methods. 

(1) By direct statement of so many inches to a mile or so many miles to the inch. 

8 • 
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(2) By use of a fraction vrhose numerator, 1, indicates the length on the map, 
and whose denominator indicates the length in the actual country. Thus the 

■fraction gg— sometimes written 1 : 63,360, indicates the scale of one inch to a 

mile. There arc 63,360 inches In a mile, and the fraction signifies that one inch 
on the map represents 63,360 mches in the real country. Such a fraction is 
called the Representative Fraction. This method is very useful whore a map. 
may be consulted by people outside the country for which it is primarily intended. 
A Frenchman unfamiliar with English measures might not be very confident in 
calculating distances from a map which was labelled with a scale of six inches to 
a mile. But tell him that the scale of this map is j^g-g-g and he can use it readily, 

because this method is employed for his own country’s maps. He would not 
think in English measure, but in metres, with the decimal notation to which be is 
accustomed. Thus, —gg to a Frenchman would mean 1 cm. to 10,560 cm., etc. 

The following simple rules are useful: — 

(1) Given the Representative Fraction, to find {a) the number of indlies to the 
mile, (6) the number of mUes to an inch. 

(a) Divide 63,360 by the denominator of the fraction, 

c.g. if R.F. is jgLg, thm gJJJ = 6-336 (6-34 approx.) inches to 1 mile. 

■ (h) Divide the denominator of the fraction by 63,360, 

e.g. if R.F. is then = 5 miles to 1 inch. 

(2) Given the number of miles to the inch, to find the Representative Fraction, 

Mult^ly 63,360 by the number of noiles to the inch in the given scale, and 
you will have the denominator bf the B.F., e.g. 4 miles to the inch 

= 1 : 63,360 X 4: = 2g^ = R.F. 

(3) Given the number of inches to Oie mile, to find the Representative Fraction. 

Divide 63,360 by the number of inches to the mile in the scale, and you will 
have the denominator of the R.F. 
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E*gm If the scale is 4 inches to the milei denominator of B,F. is 
^ = 15,840, and E.F. is 
It is convenient to note the follonring tables: — 


SOAIX IBOSI R J*. 



3. . PLAIN SCALES 

On maps, in addition to the statement of scale or indication of the Representative 
Fraction it is convenient to give what is known as a plain or Iwpgr scale. Thia 
ismerelya line conveniently subdivided so that distances on the map can easily 
bo read from it by nsmg a piece of cotton or dividers. A plain scale dionld 
be long enough for measurements to be reckoned fium it easily, and it should 
represent a convenient round number of the unit selected so that subdivision is 
facilitated. 

EXAMPLE 

Co7istruct a plain scale for 6 ml. to the inch. (See Fig. 1.) 

By the pven scale 6 in. represents 30 ml., giving six primaries. Take another 
6 ml. to divide amongst the secondaries. 
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If 5 in. xeptesent 30 ml., we must detetmine how many inches xepiesent 
30 + 6 = 35 ml., t.e. = 6-83 in. 

Diaw a line AB, 5-83 in. long, divide it into seyen parts, and subdivide the 
left-hand side part into 6 smaller parts of 1 ml. each. The method is' as foUows:— 

!E!rom A draw AC -rather longer than AB and making an angle not more 
30° with 'AB (a larger angle might lead to inconvenience in drawing). On 
AG, with dividers, from A ttiutTc 7 points tn, n, etc. (the same number as the 
required divisions of AB) at equal distances, which may be appioximatdy ^ of AB. 
Join t, the last point, 
to B, and £;om the other 
points draw lines parallel 
to tB. These parallel 
lines cut AB and give 
the required divisions. 

The first division can 
be subdivided into 5 equal" 
parts .by the method 
indicated. 

Some people think 
a graphical method of 
drawing a scale unneces- 
sary. If they wished to 
show, say, 2,100 yards 
on a scale of 6 in. to ^‘8* ^ Loot, nrao 7 Eqvai. 

1 mile they WOul d Pabts to Gzvb a Vlaxs Scale to show 6 Jol- to the Inoh. 

possibly work the sum ^ “ 5*96, stud then mske use of a suitable ruler* 

A scale is given on some protractors and rulers. Its use will be seen ficodi 

Kg. 2. When the dividers are in the positionsKc', it is obvious lhat the measure- 
ment is 1 inch and nine-tenths, 1*9. If we move the* divider points a?, x ' , one 
space up, it becomes 1"91, two spaces up 1*92, three ^aces up 1'93, and so on. 
Whexi they are in position the measurement is seen to be more than 2"6 in., 
but less than 2-6 in. The divider point y is on the sixth horizontal line from the 
bottom, hence the measurement is 2*66 in. The distance to represent every 100 
yards of the scale noted in the preceding paragraph is 5*96 divided by 21 = 0*28 
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approsiinately. For this,' the positions of the dmder points are indicated by 
crosses on the diagram. 

Reduction and enlargement of maps will emphatise the tignificance and the 
limitations of scales. Not only is less detail possible on a small-scale map, but 


y r 



Fig. 


the details, notably rivers and roads, must be shown in a very generalised way, 
and frequently of a size out of proportion to the scale. 

It is interesting to reduce maps to a smaller scale and to see how far the 
detail can be retained without sacrifice of legibility. The method is quite simple. 
Take the two scales to represent a fraction, thus 

Old scale _ 

New scale 

I 

Divide the nriginn.! large-scale map into squares of, say, one inch side, and draw 
a new outline with Biwiilnr arrangement of squares, the sides of which must he 

1 of the nriinTni.1. Then sketch in as much detail as possible. 

X .... 

To pwlnrgft a map, each square in the new outline will be x times that of the 
original. Sketch in detail as above. 

Throughout this chapter the use of the word “ scale ” has been applied to 
horizontal scale. 


CHAPTER in 


THE VARIOUS USES OF MAPS IN THE FIELD 
1. USES OF MAPS 

Given a map, it is ‘vrell to ask: “ What are its uses, and by whom is it lilcely 
to be used ! ” Different people will assign different values to large-scale topo- 
graphical maps. To the touring motorist, the most prominent features will be 
the roads and the towns or villages where a halt may be made at some suitable 
hotel. The mountain climber may be most interested in contours as depicting 
the heights to be conquered. The soldier, during manoeuvres or in wartime, is 
concerned with topographical information likely to be useful while on the march, 
or as a guide to bivouac, cover, or site for entrenching work. 

Such users of maps are mainly concerned with use in the open air, in the 
actual country mapped, and there are certain elementary principles which they 
must observe if fiill benefit is to be derived ficom their maps. A knowledge of 
the use and application of scales^ is necessary, as well as familiarity with the 
conventional signs^ which indicate various features. Methods of ^fiiowing relief^ 
or difference between high and low land inust be understood and interpreted. 

From the academic point of view of a university student in the map-room, 
there are several other aspects of the map. He ^vill moke much use of maps in 
outdoor excursion work, in connection with his practical mapwork course, and as 
an aid to realistic study of physical geography and geomorphology. He must 
be familiar with the principles and methods which underlie the making of maps, 
and he must be able to use them practically. In many respects, though adapted 
to his own pa^cnlar needs, his outlook resemble that of the motorist, the 
walking tourist, or the soldier. He must be able to find his way from place to 
place, and to recognise various features, specially those which are associated with 
physical geography. But his outlook is based on deeper foundations than that 
of the mere user of maps. He must be so familiar with maps and what they 
signify that, in the map-room or study, a topographical relief map will enable him 
. to visualise the actual country depicted on the map. 

* See page 8. * See page 24. ’ See page 10. 
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Maps have beea termed “ the geographer’s shorthand,” and a geographer 
should be able to transcribe and to interpret the whole of the notes comprised in 
such shorthand. Given an Ordnance map, he must readily (1) suggest smtable 
physical di^dsions, (2) trace the relation between physical features and the develop- 
ment of human settlement, and (3) possibly build up a synthetic geographical 
descriptioa of the area. 

We shall suggest how these and other aspects of map study may be 
developed. . . . 

2, SETTING A MAP 

A somewhat mechanical^ but very important, aspect of map-using is abiUty 
to identify our position in the country in relation to the position on the map 
corresponding to our actual location. To do this properly is to be proficient in 

what is known as setting the map. ' ^ 

To set a map is to adjust it so that the North point of the map corresponds with 
North in the actual country. Here it is desirable to consider the meamng of 
bearing and to note the difference between true North and magnetic North. 

The bearing of an object refers to its direction with reference to the 
observer. It is measured by the angle formed by (1) a fixed line through 
the observer’s* position, and (2) a line from the observer s position to the 
object observed. It should be very carefully noted that bearings are 
taken from the North, and in the same direction as that in which the hands of a 
clock move. Stated more formally, this can be expressed by saying that any 
bearing is measured in a clockwise direction, and it is obvious that this cannot 
exceed 360°, the number of degrees in a circle. 

A true bearing is the angle which a line from the observer’s position to the 
object observed makes with the true North-South line. A magnetic bearing is 
the angle which a line from the observer’s position to the object observed makes 
with the magnetic North-South line at the place. Both true and magnetic 
bearings conform to the general rule for measuring bearings in a clockwise 

direction. ’ ■ _ 

It is necessary to explain the meaning of magnetic North-South line. The 
magnetic compass needle does not point to true North, but to vrhat is known 
as the magnetic North Pole. This is not a fixed point. It moves very slowly 
from day to day and year to year. The angle between the true and magnetic 
North-South lines is loiown as variation of the compass, or magnetic variation, 
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but is not the same at all places. The angle a in Fig. 3 represents this variation 
or declination of the compass west of the true North-South line, and if it is 
known it is casjr to convert true bearings into magnetic bearings or vie*' 
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versa. In Britain declination is vest. To convert true bearings into magnetic 
bearings, add the variation; to convert magnetic into true b-*.irings. .subtract 
the variation. 

Maps showing the magnetic North-South line urnalh' 5 :iy for what year the 
declination is reckoned, and thus up-to-date correction is |>ossibIe. 
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The recording of magnetic variation was formerly done at Greenwich 
Observatory, but in 1925 the work of recording earth magnetism was transferred 
to Abinger, near Dorking in Surrey. Variation for 1931 was given as 12° 13’7' W., 
for 1932 as 12° 3', and was estimated at 11° 9-5' for 1937. The variation is 



Pig. G. Illustration or 13 ack 
Bearings and the Con- 
version or Forward into 
Back Bearings. 


Through C draw NjCSi parallel 
to NS. Forward hearing of 
C from B is 120° (t.e. angle 
NBC). Forward bearing of 
B from C is reflex angle 
N^CB ~ 300°, but this is the 
back bearing of C from B, 
and is equal to 180°+ 120° 
(i.c. 180°+ angle BCS,). 

Because NjSi is parallel to NS, 
angle BCSj = angle NBC. 
This can be applied to Fig. 5. 


not the same throughout Britain. 

Bearings are read with the Prismatic Compass on 
the ground, but from a map true bearings can be 
obtained with a protractor by the method noted in 
Fig. 4. Bearings from the observer to any object in 
the field are known as forward bearings. Bearings from 
the object to the observer are termed back bearings. 

To obtain back bearings, if the bearing is' less 
than 180° add 180°, if the bearing is greater than 
180° subtract 180°. (See Fig, 6.) 

3. METHODS OF SETTING A MAP 

Four methods of setting a map are given below: — 

(1) By Compass, — ^North, both true and magnetic 
(see page 14) is generally shovm near the top right- 
hand comer of British topographical maps. Lay the 
map flat on the ground and place the compass on the 
map so that its axis, the 0°-‘180° line, is on the 
magnetic North-South line. Then gently rotate the 
map until the magnetic North-South line coincides 
with the compass needle. If magnetic North is not 
shown on the map used, it may be possible to 
determine it if you know the variation of your com- 
pass for the place. If the top of the map represents 
true North, by means of a protractor it is possible to 


make with the true North-South line an angle representing your compass variation 


at the place. The arms of this angle are respectively the true and magnetic North- 


South lines. HaAdng thus found the magnetic North-South line, you proceed as 


described above. If a proiractor is not available, lay the compass along the true 


North-South line on the map, and rotate the map until the compass needle is the same 
number of degrees east or wpst of the true North-South line as representthe variation. 
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(2) By THE Sun.— A ssume the Sun at noon is due south in the N. 
Hemisphere, and in relation to a circle changes its position 16“ per hour. Find 
the coneot time of day, being careful to make adjustment when “summer 
time ” is in operation. Then, with a protractor mark off with the NorthiSouth 
line measuring clockwise from north an angle containing 

16“ for every hour after midnight. At the end of the line 
thus made, stick up a large pin or hold a pencil vertically. 

Tom the map until the shadow of pin or pencil is cast 
on this line, and the map is set. (See Fig. 7.) 

True South can be approzimatdy foimd at anytime 
during the day when the Son is observable, and thus 
North can be determined. A watch showing local time 
is required. Hold the watch face upwards in a 
horizontal position on the palm of the hand, and turn 
the w'atch until the hour hand points to the Sun. 

The line bisecting the an^e made by the hour hand and 
a line from the dial centime to twelve o’clock points to 
South. This applies to the Northern Hemisphere. 

(See Fig. 8.) For the Southern Hemisphere, if a line 
joining the dial centre to twelve o’clock is pointed at 
the Sun, the bisector of the angle made by this line 
and the hour hand points to North. (See Fig. 9.) 

Limitations of t^e above methods should be recog- 
nised. Only at the equinoxes does the sun change 
position uniformly at 16“ per hour. ' 

(3) By Comparison, with Straight Lengths op 
Features. — ^These should be easily identifiable features, 

such as a road, railway, canal or other watercourse, e.g. the road or railway from 
Draycott to Cheddar on the map freing page 32, or the straight length of the Biver 
Yeo on the same map. The map should be held so that the feature on it is as 
nearly as possible parallel to the feature in the field. Then North on the map 
should be noted, and the direction of North in the country taken accordin^y. 




Fig. 7. To Fom the NS 
Like ebom the Stm. 

Lot NS bo tho North-South 
lino. lfiti84p.m.o*cjodk 
make tho an£^e NBC 
240° (16° for evoi^r hour 
after midn^ht). At C 
hold pencil vertxoallyt 
rotate map until shadow 
of pencil is shown on tho 
line CB, then NS is in 
true position. 


(4) By Association of Eeatubes on the Map and in the Country. — Select 
two prominent features depicted on the mapj such as a church spire and a railway 
bridge. Lay a pencil or ruler on the map to connect the two features^ and turn 
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the map until the pencil is parallel to the imaginary line joining the features in 
the actual country. North is now easily determined by comparison with the 
North point on the map, which can thus be set with reasonable correctness. 

'\^^^en a map is set, features on it and in the actual country are in their relative 
positions, but it must be remembraed that the map is on a comparatively small 
scale, and that the estimation of actual distance is not always easy. 



Having set the, map, it is desirable to identify your position on it. With a 
good topographical map on a reasonably large scale, say one inch or half an 
inch to the mile, tins is not difficult in ordinary inhabited country such as East 
Anglia, where villages are numerous, and where features such as cross-roads, 
churches, woods, assist identification. Ih mountainous or open moorland cormtry 
where there are few features denoted by the ordmary conventional signs, exact 
determination of your position is less easy, and it may be necessary to employ the 
methods known as resection and adjustment, which are explained in Chapter 
XV., dealing with plane-tabling, an aspect of survey work. At present yon need 
not trouble to understand these methods. 


CHAPTER IV 

PRELIMINARIES TO MAP READING: TYPES OE ORDNANCE MAPS 
1. METHODS OF SHOWING RELIEF 

Contours. — A contour is a line made up of all points having the same 
altitude above mean sea-level. It represents the line of intersection between a 
horizontal plane and the surface of the countiy. Complete contours must be 
regarded as closed curves, which cannot cut each other. K the ground is very 
steep, contours may converge to give a single line, and may run together as such 
to represent a very steep slope, but they will divei^c wW the slope becomes 
gentler. The level represented by one converging line is vertically above the 
other on the actual cliff. Hence superposition of one contour on the other on 
the map is logical. 

Contours are the results of survey with instruments which give the height 
above sea-level of certain points observed on the ground. (See Chapter XVU.) 
Such are not always the highest parts of a ridge or hill, but can be on the floor 
or slopes of a valley, where it may be necessary to have absolute heights as a 
guide to accurate contouring. Sometimes, on the map, lines are sketched approxi- 
mately between contours based' on actual obser\'ation with instruments, and are 
known as form lines. To some extent they may assist map reading where actual 
contours do not exist, but they are only approximate, and might be misleading 
if well-developed minor features occur in the country between what are positions 
of contours on the map. Form lines are generally broken, whereas contours are 
continuous. 

Contours are the most imjiortant means of showing relief, and form the basis 
of most other methods used for tliis purpose. Most maps of the Official Surveys 
of Britain, her colonies, and of the principal European countries use contours. 
Exceptions are very small-scale maps and very large-scale maps intended primarily 
for estate purposes or as town plans. British maps use the foot as the unit of 
the vertical interval, i.e. the interval between successive contours, but most 
foreign countries employ the metre. Great variety of interval is employed and 
frequently certain contours, say, every fifth or tenth contour, are thickened to 
iadlitote reading. Examples are British, U.S.A., Swiss, and French maps for 
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regions •nith considerable altitude. Most contoured maps sbow a goodly munber 
of isolated spot heights, which are of great assistance in helping the visualisation 

of minor features. -j <.,i 

Contours should be numbered so that the figures are on the upper side of the 
contour. This method enables uphill and downhill readings to be naade more 
easily. On some of the latest Ordnance maps, numbers are inserted in “ broken ” 
contours, a method leSs easy to read than that named above. 

Bench JIaeks. — hlarks, known as bench marks, are placed on buildings, 
walls, etc., recording their height as determined in levelling operations. Formerly 
bench marks were cut into the actual brick or stone. Now they are cut on 
bronze plates let into the wall and flush with its surface. The height refers to the 
bench mark and not to the ground, so is not the same as a spot height. 

Trigonometrical Stations. — These are sometimes shown with their height. 
They are points on the earth’s surface where angles of a triangulation (see Chapter 
XW.) are measured. A trian^lation is a survey which di%ddes a country into 
triangles’ for the purpose of survey. Trigonometrical stations are shown by 
a small triangle on one-inch maps, and on six-inch and twenty-five-inch plans. 
Spot heights without this triangle are not trigonometrical stations. 

Hill-Shading.— A light is imagined to be over the region and to cast shadow in 
some parts, to illuminate others. One method imagines that the light is vertical oyer 
the land, and that the steepest slopes are lit up the least. Thus the sides of hills 
and mountains are shaded dark, while relatively flat land, such as valley bottoms, 
plateaux, hill-tops, and mountain peaks, is of fighter tint. Another method 
imagines that the fight shines from the north-.west of the area, thus casting shadow 
over the eastern and southern slopes of higher land. Hill-shading does not show 
absolute heights. Kelative heights are not very clearly indicated, nor are gradients, 
which are so well shown by contour fines. Usually it is not easy to determine from 
lull-shading what is uphill and what downhill. The same drawback is associated 
with hachmes. Hill-shading does, however, give a general idea of the relief of a 
country, and is suitable for smaller-scale maps, as the four miles to the inch, 
and the ten miles to the inch of the British Ordnance Survey. 

Hachures.— These are short fines which are supposed to indicate the direction 
water would take if flowing from high ground to low . For steep slopes the hachures 
arc closely spaced, for gentle slopes they are wider apart and are thin, but flat ground 
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is not shaded in any way. It is necessary in hachured maps to have plenty of spot 
heights in order to ascertain the approximate altitude. Hachuring does not clearly 
indicate absolute heights, and this limitation, as well as the drawback of closely- 
packed and not very legible hachures in mountainous countiy, has made the method 
lose favour with modem map-makers. It was one of the earliest methods of 
showing relief, and was favoured by Napoleon Buonaparte. It was used on 
most standard maps during the nineteenth century, and some of these older 
standard maps are still in use, notably the 1 : 80,000 map of France. 

Contours are sometimes supplemented by hachuring or by hill-shading, the 
auxiliary methods being useful to show minor features wliich would be lost if 
only contours were used, especially when the contour interval is feirly large. 
The Britiitii one-indh and half-inch maps have editions where hachuring and hill- 
shading are respectively combined with contours. 

L&veb Thus. — ^Eithercolours or different methods of black and white ulint^in g 
are used in combination with contours, e^ecially in atlas maps. Examples of 
the method for larger-scale maps are the famous International map on the scale 
of 1 : 1,000,000, and certain layer-tinted Ordnance maps, especially the layered 
quarter-inch and half-inch maps. Yaidous shades of green for low, brown for 
higher, and pink for very high land are used in the colour method. A great 
advantage of the method is that distribution of high and low land can be readily 
grasped. Objections are that in very high country tints may be so dark as to 
make the insertion of legible detail impossible. When contours are very close, 
layer tints do not conduce to clarity. The layer method is v^ useful for showing 
on small-scale maps the absolute and relative heists of the principal physical 
features. 


2. ONE-INCH ORDNANCE MAPS 

Probably the most familiar Ordnance map is that on a scale of one inch to the 
mile, or representative fraction 1 : 63,360. There are various styles and editions of 
this map. That of 1931 is termed the 5th (Belief) Edition. The contours are 
for intcurvals of 60 ft., and by means of hiU-shading and layered tints, the 
appearance of a model with three dimensions is secured. The rdief features are 
coiy to read, and the lettering is more legible than that of previous editions, 
good as some of them were. Sheets of the 5th Edition are also produced without 
Ae hill-shading and layered tints, and this is the standard form. 
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After the War of 1914-18 the Popular Edition was published. Legibility was 
a main consideration, certain details of pre^^ous editions, such as parish bound- 
aries and hachures, being omitted with a Anew to avoiding overcrowding. 
Contours with 50 ft. intervals were introduced, and considerable care was taken 
to make the relief features prominent and easy to read. Judicious use was 
made of colour, especially with respect to rivers, woods, and roads, but the roads 
were vividly coloured, and thus made more prominent than railways, which, 
perhaps, was not a bad thing from the practical standpoint, as Ordnance map 
users generally wish to know more aboTit roads than about railway routes. 

Previous to 1892 the Ordnance maps were printed in black, with the exception 
of brown hachures, but in 1892 a new edition was produced, in which streams and 
other water features were in blue, the roads in brown, contours in red, with brown 
hachures. This edition lasted until the issue of the Popular Edition noted above. 

On the current one-inch maps, towns, villages, hamlets, isolated farmsteads, 
roads, footpaths, railways, stations, woods, parks, and country seats, .rivers, 
canals, lakes, county boundaries, are shown, with many features applicable to 
certain districts, such as cliffs-Along the coast as at Brighton and Elamborough, 
beacons along parts of the coast, windpumps for raising water in dry regions 
such as chalk cormtry. 

In addition to the normal sheets, which as a rule measure twenty-seven inches 
from east to west, and eighteen inches from -north to south, some large sheet 
tourist edition maps on a scale of one inch to the mile are obtainable. Those for 
the English Lake District, the Peak District of Derbyshire, and the Trossachs of 
Scotland are specially recommended for study. They afford good practice in the 
study of relief features of considerable variety, and the general geographical 
aspect of these regions is varied. They combine colour layering with contours. 


3. HALF-INCH AND QUARTER-INCH ORDNANCE MAPS 

The smaller-scale maps, namely the so-called quarter-inch and half-inch maps, 
on a scale of four miles and two miles to the inch respectively, are on the lines 
of the one-inch maps, but the relief is not shown in such clear detail, and other 
features ore on a smaller scale. They are, however, useful maps, and should 
be studied along rvith the one-inch maps. This will enable comparison to be 
made and will give exercise in the appreciation of the purpose of scales. They 
are motorists’ maps par excellence. 
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The guoxter-inch map comprises a colouied edition with water in Mnn, woods 
in green, hills shaded brown, and a layered edition with “A” roads in red, 
“ B ” roads in brown, other roads in outline. Low ground is shown by various 
tints of ^en, which is used for land below the 400 ft. contour. TTigTipr 'ground 
above this level is distinguished by various tints of brown. Large folders of 
the 4th edition J-inch O.S. map include several town plans. 

The forms of the half-inch map are similar to those of the guarter-inoh, but 
in the layered edition the 200 ft. contour is the limit for the green tint. 

_ There is an excellent Ordnance Smrvey Atlas of hlngland and Wales and one 
of Scdtland, in which maps based on the guarter-inoh sheets of the layered edition 
arc mounted and bound in atlas form, with a serviceable index. These atlases 
are rather costly, and not everyone desires or can afford sheets covering the 
whole country. 


4. LARGE-SCALE ORDNANCE SHEETS. (Examples opposite page 8.) 

Of large-scale sheets the six-inch are probably the most useful and best 
known. Contours up to 1,000 feet are at 50 ft. intervals, but above 1,000 feet 
the 250 ft. vertical interval is used. The contours are shown in red. Contours 
at 50 and 100 ft. vertical intervals were determined by actual survey with instru- 
ments, but in some sheets, notably for certain counties in northern England and 
southern Scotland, sketched contours, or form lines, for 25 ft. intervals are 
inserted. These maps arc not coloured, and because of the black printing, 
features sometimes are not easy to follow without considerable practice. 

Maps on a scale of 25 inches to the mile are intended to give the detail of a 
plan, and are useftl to the landowner and farmer. Field boundaries are clearly 
shown, and some sheets indicate the area of enclosures. The map is published 
for the cultivated districts of Great Britain, and the fact that it is not available 
for uncultivated districts explains its ftmetion. The 25-iach plan shows hedges 
and fences, but the real boundary of property is often some little distance beyond 
the hedge. Hence this is not literally a cadastral map in the same sense as a 
French cadastre, thou^ it is fregucntly known as a.cadastral map. 

Sheets on a scale such as 60 inches to the mile or a scale of 1 : 500 (=126’7 
inches to the mile) are really plans, and are issued for towns only. The largest 
scale is sufficient to show details of buildings, such as thickness of walls, with 
levels along the principal streets. Features connected with public sei^dce, such 
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as water-supply, lighting, and drainage, are shown, for example, hydrants, . 

lampposts, manholes, guHeys. * • ‘ii t. 

Specimens of large-scale plans are given (facing page 8), and it ^ be 
seen that relatively few features are diown on these compared with the one- 
inch map. A noticeable feature is the field boundary. This is particularly weU 
shown on the 25-mch specimen. The fidds are numbered for reference, and 
the acreage is shown. The continuous line of- dots in the south-east comer 
of the map represents the line of a hedge. The double paraUel lines denote 
a road or footpath (marked F.P.). The buildings are dearly ^own to scale, and 
the symbols for trees are suffidently large to enable clear distinction to be made 
between conifers and deciduous trees. This is a neat little map of a complete 
economic unit, a foxmstead. 

On the 6-inch plan, fidds ate shown, but in less detail than in the 25-inch 
plan, which serves admirably for estate plans. The 6-inch plan diows contours 
in red, features not included on the larger-scale map. The slopes can be traced, 
and sections might be drawn, say, (1) from the quarry in the S.E. of the map to 
the lych gate in the west; (2)-Blong a north-south line drawn along the centre of 
the map. Note the stippling to indicate park land, and the symbols for the trees. 


5. CONVENTIONAL SIGNS 

To aid legibility in map reading, it is necessary to employ dis&otive spibols 
for various features, and to make use of different types of lettering for ^different 
purposes. These symbols and methods of letterii^ are set out m what is known 
as the Charaaerislic Shed of Hie Conventional Signs and Writing, used for the 
various types of Ordnance maps. They differ somewhat for each type. For 
n-rnnipIPj moi© symbols for certain purposes are used for the one-inch map than 
for the six-inch plan, and symbols for the same feature are not always the same 
on both series. 

In connection with conventional signs use is made of colours and symbols. 
On many maps streams are blue, woods are peen, and roads 
colours at once pve a clue to t he fe a^jH^sBR are'nsedVor the one-inch map than 
'Yot tSe fench plan, and symbols for the same feature are not always the same 
on both scries. 

In connection with conventional signs use w - 

On mnnw 




CnjeiW0/l3. LWnoitr <x«iwn Itniyfujit Hp^Brynl f7nintuun Stitr^l937 

FIQ.IQ. SYMBOLS USED XH THE ONE INCH MAPS OF THE ORDNANCE SURVEY ^RELIEF EDITION^ 
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Such conventional signs arc shown on what is termed a characteristic sheet, 
and some are given on the margia of the oOicial maps. (See Kgs. 10 to 12.) 
They arc best learnt by constant practice in interpretation and application. 
Popular and easily understood descriptions of the British Ordnance Survey maps 
are contained in official publications issued by the Ordnance Survey Department. 
These should be obtained, ns well ns Index Sheets of the maps on the scale which 
it is intended to use. From these Index Sheets it is possible to identify the map 
of any particular region and to gauge its extent. 

The one-inch map is most widely used for ordinat}* piuposcs, and is 
generally selected for examination questions dealing with map interpretation and 
analysis. Therefore it will he advisable to procure the characteristic sheet 
for the Bevised (1931) one-inch map of Great Britain (Fifth Edition), and to 
study it carefully. Until you are familiar with the various .symbols, always have 
it by your side when studying the map, and from time to time refer to it for 
revision. Excerpts from the characteristic sheet arc printed in the margin of 
Ordnance maps, but they do not show nil B}*mbols, nor do they emphasise the 
significance of various kinds of lettering. The Fifth edition has several 
additional symbols, c.ff. wireless pylons and transmission lines in connection with 
the Electricity Grid, National Trust areas, youth hostels, etc. Parish boundaries, 
dropped from the Popular edition, arc re-introduced, a not altogether convenient 
symbol, as they may possibly be mistaken for footpaths. Parish boundaries, 
however, are useful for construction of population maps, ole. First>class roads 
arc coloured reddish-broun, second-class IniiT, and lilinistr)' of Transport numbers 
are given. Bailways arc shown by a clearer symbol than was the case on the 
previous (Popular) edition, and stations are indicated by a circle or rectangle 
coloured reddish-brown. The relative importance of towns and villages is shown 
by diiTcrcncc in style and size of lettering. Inside the covers arc din grams showing 
how far the i-inch and J-inch sheets cover the same area. 

It is well to study the characteristic sheet of the six-inch plan carefully, 
and to compare tlic symbols with those of the one-inch series. When large-scale 
maps ore selected for examination purposes the six-inch series arc frequently 
used. If possible, reference should also be made to the characteristic sheets of 
the quarter-inch, half-inch, and twenty-fivc-inch series. 
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The Lahd TTtiusatioe Mae. — An inteiesting adaptation has lecentty been 
made of the Ordnance Surrey map. Some sheets have been issued to show the 
cartographical results of a Land Utilisation Surrey directed by Dr. Dudley Stamp, 
the object of the Surrey, in the words of its Director, being “ to make a complete 
record over the whole of Britain of the uses to which the land is put at the 
present time.” 

The basis of the special Land Utilisation map is the one-inch map (Popular 
Edition) on whichadditionalinformationis printed insiscolours. A distinctive letter 
symbol is used with each colour. Dark green (F) is used for forest and woodland ; light 
green (M) for permanent gross and meadow; brown (A) for arable land; yellow 
(H) for heath, moorland, commons, and rough pasture; purple (6) for allotments, 
ga^ens, and orchards; red (W) for land of no agricultural value. The method 
is easy to follow, and the ordinary details of the map can be read quite easily, 
thou^ the added colour- tends to obscure the relief features. These can, 
however, be read. Two interesting maps are the One-Inch Sheet No. IM, 
Windsor, covering the region south-west of London, and Sheet No. 142, Isle 
of Wight, including also port of the New Forest and Portsmouth. They are 
examples of two contrasted areas, the one typically urban and suburban, the 
other largdy rural. 

The Land Utilisation map, as well as being of interest to contemporary 
geographers, should not be without historical value subsequently, in the same 
way as the Agricultural Surveys of Arthur Young give a picture of the 
agriculture of certain British counties at the end of the eighteenth century. 
TTin surveys were more generalised and were descriptions of fanning methods 
seen during journeys rather than detailed scientific surveys of all the land. 

Other interesting maps of the Ordnance Survey are Aviation maps: the 
quarter-inch Civil Air edition covering England and Wales (12 sheets) with t^ecial 
information relating to flying, and a map covering Great Britain (3 sheets) on a 
scale of ten iniles to one inch, with flying information B 3 Tnbols boldly shown in 
blue. There is also a ten miles to '&e inch layered map of Great Britain (3 
sheets) intended for motorists and others who require maps covering a large part 
of the country. 

The Ordnance Survey have issued maps on a scale of 1/M, notably a 
population map of Great Britain based on the 1931 census, maps of Homan and 
Anglo-Saxon Britain,' a map of 17th Century England, a physical map of Great 
Britain. There is also a Geological Survey 1/M map diowing British coalfields. 


CHAPTER V 

hints on map ebading 

- 1. ESSENTIALS OF HAP READING 

Ability to set a map and to identify yonr position are essential aspecfa of 
outdoor map reading, but some things connected with map reading can be to 

indoors, for instance, mastering conventional signs and methods of sho^g 

relief. Such practice is best developed out-of-doors, but the alphabet of outdoor 

map reading can be learnt indoors. , . j.' x- t <? 4.i.» 

To read a map requires knowledge of the methods of mdicating rehef, of Je 
conventional symbols, of scales, of bearings, of the use and sign^cance of the 
compass. Such things are, as it were, the alphabet and grammar of map readmg, 
but taken smgly and without proper combination and correlation, they 

constitute map reading than the Greekalphabet and grammatical rules coMtitutea 

knowledge of Greek Uterature. They are a means to an md, and must be us^ 
to create a mental picture of the country with wHch they deal They must help 
us to visualise it as if we saw it fiom a high mountain or from a,n aeroplane. 
We must see solid and should remember that the nmp deals only wi& area. 

The scale of a map is one of the first things which should be considered, ixy 
to recall on the same scale some other map of country with which you we famto 
Note on the new map a small area corresponding in aze to ground toown to 
you. This will give a standard of comparison as regards extent, and you wiU 
probably be able to estimate how long you would take in walkmg, cyc^, or 
motoring from one point to another. Such ability to think in terms of distance 
helps to give an air of reality to your mental picture. ^ ^ • t 

Practise setting the map as if actually in the field, that is, try to visualise 
the country in relation to what would be north, and try to visuahse promment 
objects in relation to your own position. This will hejp to ^ve you the map- 
setting instinct whenever you use maps in the field. For indoor study su^ a 
plan is infinitely preferable to staring at the map, and noting the various symbols 
merely as symbols. Also, mentally take bearings on the imagmary position 
of certain objects. This will train you in estimating bearings approximately, 
and in realising the significance of a bearing. (See Chapter III) 

s-2 
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2. PHYSICAL FEATURES ■ 

As regards the- content of the mop, very important are the physical 
features, particularly the mountains, hills; and streams. Relief and water 
features are intimately connected. Most of .the valleys are valleys of erosion, 
and indicate the course of the principal streams. Thus, the •streams atford’a key 
to the valleys, which help us to vwualise the hills. Chajpter VI. deals with some 
aspects of the physical basis of map reading, notably in connection with streams. 

. It -is a good plan to make from the Ordunuco map a tracing of the streams 
and another of the contours. You can examine the streams separately, likewise 
the contours, and then place the stream tracing on that of the contours, so that 
hills, vallcys,,and streams can be examined together. Contours will not indicate 
minor features of relief, but such can often be identified by the help of spot heights 
or of hachurcs on the Ordnance map. It is not advisable to show hadiures or 
hill-shading on tracings, which are meant to give a clue to the general diaraoter 
of the relief. Too mu'ch minor detail will obscure the general character. 

. A good exercise which vill emphasise the meaning of the contours is to make 
a separate tracing of, say, the 100-ft. contour on a sheet of cardboard or thin 
two-ply wood and to cut round- the contour with a fine saw. Do the same with 
each of the other contours, aud place the pieces of cardboard or wood one on the 
other in their proper sequence. Thus you have a model of the country. Flasti- 
cene may be used to roimd off the sharpness of the contour edges, and in doing 
this the hill-shading or hachurcs of the Ordnance map Avill be us-fiil. A fairly 
elaborate model can be made by inserting the streams in blue pencil, and by using 
suitable colour wash for the various features, for example, green for woodland or 
pasture, -bro^ni for arable land. 

In some examinations where an Ordnance map is ^ven for analysis and 
description, candidates are asked to suggest suitable physical or physiographic 
divisions. Some general knowledge of the physieal geography and geology is 
desirable' if this division is to be made scientifically and on a real geographical 
basis. It is not difficult to suggest divisions for a fairly large area such as the 
Fennines or a county like Lincolnshire, but the sheets usually given do not comprise 
such extensive areas. They are generally one-inch maps of the normal size of twenty- 
seven by eighteen inches. One such sheet would contain but a small proportion of 
the Fennints and possibly some of tlxc bordering plain. A Lincolnshire sheet might 
represent part' of the Wolds, with a little of the Marsh or Clay Vale lowland. 

,M,'p.'c, ‘ 3 
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In attempting to formulate physical divisions, the first thing is to distinguish 
the higher and the lower land. Then look for river basins or portions of such, 
if all the river does not appear on the map. Often river basins will be suitable 
physical divisions, but sometimes sub-division of them is desirable, as, for instance, 
the highland and lowland course. On the map feeing page 32, compare the valley 
of the Dee with that of its Feugh tributary. For the hiUy or mountainous part 
of a map you may have a well-developed plateau or ridge with a steep slope, 
known as the escarpment. Note the Mendips and their escarpment on the map 
facing page 32. It is unsatisfactory to attempt division into phyacal re^ons 
without some general acquaintance with the rock formation. For mstance, in 
the Southern Pennines physical character of the areas differs where limestone 
and millstone grit re^eolivdy predominate. 

3. IMPORTANT TERMS CONNECTED WITH RELIEF FEATURES 

It is necessary to know the meaning of certain terms connected with relief 
features, and ftom the form of the contours to be able to recognise* such features. 

It is not .always easy to determine what is a hill and what is a mountain, 
and the distinction is rather arbitrary. Broadly speaking,* many authorities 
would label as a mmiTitaiu land whose hipest point is over 3,000 ft. above the 
surrounding country. Land whose summit is less than 3,000 ft. above the 
surrounding country they would term a hill. The highest part of a mountain or 
hill is the summit, and the lowest part the base, and the limit of 3,000 ft. is 
reckoned between these two points. Selection of 3,000 ft. as a distinguishing 
TnnTTr for mountain and lull may be broadly convenient, but to apply it in every 
case would lead to a not veiy suitable dasafication for relief likn the Pennines, 
because it would result in the highest summits of these uplands being dassed 
as hills. 

Certain features are common to both mountainous and hilly land, and they 
are identified on the map by the shape and trend of the contours. A circular 
or elliptical contour in the form of a small ring and with no other contours 
iTisiila it represents the summit of a peak. A small triangle or dot with a number 
insiflB the Bi gnifips the highest point of the summit. Several concentric 
lings, if the hd^t is fairly great, represent a detached momtain or hill.^ If the 
height is low, such a feature is termed a knoU. Examples may be found in 
lowlands with deposits of clay and stones derived from the moraines of glaciers 
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which formcTly covered the country, or of sand and gravel deposited by rivers 
after the ice had receded, as in Holderncss and parts of the Fenland. A low, 
elongated hill of glacial bonldcr clay is termed a drumlin. Dromlins may be seen 
in the south-west of the Southern Uplands of Scotland and in the Tweed YaUey. 
They arc very common in the north-east of the United States of America. 
Hillocks of fluvio-glacial sand and gravel arc called kames, and the long winding 
ridges common in Ireland arc known as eskers. 

Contours may be of roughly elliptical shape, but covering a much larger 
area than in the case of a drumlin. The altitude is also greater. Such an 
arrangement gives a lidge if the length is much greater than the width, and 
a plateau where the top is wider and the surfiice relatively flat. Inside the 
highest contour of a ridge there may bo small circular contours representing 
local minor heights somewhat above that of the ridge generally. If two such 
minor heights arc close together, there is a depression known as a col between 
them. A col is also knowiiras a saddle oi* neck. On two sides of a col there is an 
upward slope of the sides of the enclosing heights; on the other two sides there is 
a downward slope along the sides of the main ridge below the level of the col. 
Almost any one-inch Ordnance map of regions lilce the Scottish Highlands gives 
examples of such features. Examples of a ridge can bo seen in the main line of 
■the Lincolnshire or Yorlishire IVolds, the Chilterns or the Downs. The Cheviots 
and the Pennincs afford examples of plateau surface, but relatively low plateaux 
can be found in counties with much glacial drift, as the low boulder clay plateau 
east of the Lincolnshire Wolds, or the plateaux of central Norfolk and Suffolk. 

Any high land, ridge or plateau, eq)arating two drainage systems or river 
basins is known as a water-parting or watershed. From the highest part of the 
ridge there is a slope in two opposite directions, just as there is a similar slope 
on a house-roof. During rainfall some water flows down one slope of the roof 
into a convenient spout, and some down the other slope. So with the watershed 
in mountainous or hilly country. The rain flowing down one slope makes for the 
nearest lower land, where it helps to erode vaUeys and thus to develop stream 
systems. Rain which flows down the other slope results in the development of 
another set of streams. The two stream systems are separated by the high land, 
and the suitability of the term water-parting is obvious. 

A model of most high land would show many depressions which cut mto 
it. These depressions are vallq^, generally of streams, and a plateau veiy 
much cut up like this is termed a dissected plateau. Good examples may be 
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found in many parts of the Scottish Highlands. Because of thdr uniform height 
and great development of vall^ features, the Scottish Highlands as a whole are 
often referred to as a dissected plateau. It will generally he seen that conto^ 
representing vaUeys fit into one another like a number of dishes of varying size. 
One end of the valley, that nearer the source, is defined by contours, but the other 
end, where the stream leaves the higher land for the plain is not so defined, and 

may be compared with a dish firom which an end is broken. 

In identifying the valleys on a contoured map, it may be helpful to begin with 
the lower end and work upwards to the stream’s headwaters. Because streams 
are generally coloured blue on large-scale maps, it is • comparatively easy to 
identify valleys, but it is not so easy to form a mental picture of the way in which 
they dissect the high land. 

The lowest part of a valley, namely, where the skeams actually flow, is called' 
the watercourse, and the watercourses obviously form a key to the surface drainage 
of any region. We say surface drainage, because sometimes, as in a limestone 
country, there is a well-devdoped system of underground drainage, but this is 
not shown on the map. A surface stream may disappear underground and then 
reappear at some other point. Only its surface course is shown on the map by 
the conventional blue line. The underground course may be gauged by a dotted 
line or may be left blank. At first it is difficult to visualise the features of a 
district where such drainage occurs. Some elementary knowledge of the rock 
structure is desirable, as well as acquaintance with the properties of limestone. 
Hence the importance of elementary acquaintance’ with a geological map of tlie 
region with which the contoured map deals. Undei^und drainage is discussed 
in Chapter VH. Examples of such drainage may be found in the Central and 
Southern Fonnines, and in the Cheddar district of Somerset. 

The brow or crest is the actual edge ofahill-top or ofthe upper part of a slope. 
The crest-line or ridge-line is the line representing the highest level along the 
highest part of the ridge. A ^ur is a projection fiom hi^ into lower ground; 
it is part of the higher ground, just as a buttress is part of a wall. A re-entrant, 
as it were, is an incision into the side of higher ground, and roughly has the same 
level as the surrounding low land. The upper part of a valley in a hilly region 
is a re-entrant. If you are trjnng to read a contoured map where no skeams are 
shown, at first sight it is sometimes difficult to determine which are spurs and 
which are re-entrants, but if you work outwards finm the highest contour, the 
nature of the features will soon be grasped. The sides of a valley, hill, ridge, or 
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mountam are known as the flanks. If the slope is very steep, it is termed 
a scarp or escarpment, from the Ifrench word ica^d=Lep. E^mSTS 
t™. can b. foaad on fto mop, of’^a.o LaJ 

together near the 

the ff ““f ^ between contonrs is greatest towards 

toe lower ^und. If contours are evenly spaced, the slope is said to be uniform. 
The charaoto of the slope is important in determining the visibility or otherwise 
oi one point from another. 


4. METHODS TO DETERMINE VISIBILITY 

To determine whether a given point on the gtoimd is visible from another 
point mvolves consideration of changes of slope between the points. Often this 
problem can be solved by^examination of the contours, but it is possible that 
be^cen-two contoura there may be a minor feature, some trees, or 'a high 
building which will interfere with visibility under actual conditions, despite 
calculations wliich seem to suggest perfect visibility. 

Visibility can bo investigated by examination of the slopes which are deduced 
from the contours, by comparison of gradients or by drawmg sections from the 
contoured map. 


By Coktoubs. — ^If the contours are examined, it can be seen whether the 
slopes are convex or concav'c. When the slopes are predonimantly convex, as 
in Eig. 16, the points are not mutually visible. If the slopes are concave, as 
in Fig. 15, the points are mutually visible but for uncxpecteil inten’ention 
of some minor feature or obstruction which cannot be deduced from the 
contours. Proficiency in this method of determining visibility will sometimes 
follow practice in section-drawing. 

By Comparison op GRAmENTS.— The method of determining visibility by 
comparison of gradients is best explained by reference to practical cases exem- 
plified by Fig. 13. Careful examination of the contoured map is needful to 
identify the lower and higher of the two points with which we are concerned. It 
is also necessary to know the distance between the two points, which can be 
determined by using the scale of the map. Some crest intervening between the 
two points must be utilised. 
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Example. Consider Fig. 13. Is A visible &om B ? 

Let C be a crest along the 400 ft. contour, and 600 yd. (*.e. 1800 ft.) from B 
and 650 yd. (t.e. 1950 ft.) from A. Therefore A is 1250 yd. (i.e. 3760 ft.) from B. 

(1) Gradientfrom AtoC=^^ = 

V.I. 

(i.e. because gradient is ratio of Yertical Interval to Horizontal Equivalent). 

Note. The Vertical Interval is the difference betiveen two successive 
contours; the Horizontal Equivalent is the horizontal dia fanm between 

two successive contours (Chapter XVH.). 

Gradient from A to B = ^ = ig^- 

As gradient from A, the lowest point,- to 
the crest C is less^ steep than from A to B, 
the points A and B ore mutually visible. 

(2) GradientfromCtoB = ^ = ^ 

Gradient from A to C = 

As gradient &om the lowest point, to 
0 is less steejp- than fi:om C to the highest 
point B, the points A and B are mutuallv’ 
visible. 

^Piom the above .we can deduce the 
Fig. 13 . To Determine Visibilitt bv following rules: — 

• CoMPARXNQ Gradients. tv t 

(1) Eind gradient x from the lower point 
to an intervening crest, and gradient y from the lower to the higher point. Ifxia 
steeper than y the points are mutaally invisible, but if a; is less steep than y they 
are mutuallj visible. 

(2) Find gradient x from lower point to an intervening crest, and gradient y 
from this crest to the higher point. If ® is steeper, the points are mutuallv 
invisible; if a; is not the steeper, they are mutually visible. 

By Drawng a SEcnon.— T o draw a section is a reliable method unless 
some unknown under-feature intervenes. A section is a profile drawing of the 
elevation given by cutting vertically downward through a model of the features. 

* If this frradicnt had been the steeper, in each cose the points would hove been mutually invisible. 
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Example. CJomider Fig. 14. The line AB represents the line of tlie desired 
section. It outs the contours at certain points, a, 6, c,d, etc. Take a piece of paper 
here represented by the squared-paper, and place below the contoured mp 
marhng. on t^ paper a vertical scale XY, 100 ft., 200 ft., etc., to correspond 
\nth the TOntouied intervals. Drop perpendiculars from the points a, h, o 
etc., m AB to meet the horizontal ' 

lines marked 100 ft., 200 ft., 
etc., on the vertical scale XY, 
giving positions o', 6', c', which, 
when joined, will represent the 
required proffle. 

Such profiles are approidmate, 
and in some sense guesswork, as 
minor features may occur between 
contours and thus are 'mot repre- 
sented on the contoured sketch. 

Bowever, spot heights may some- 
times give greater accuracy to a 
profile if they are wisely used as 
guides when they occur on 'the top 
of a ridge, etc, 

A profile of a road can be made 
by drawing on a piece of squared 
or lined paper profiles of the various 
stretches of the road, moving the 

paper for each stretch as though you were drawing separate sections. 
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, 6. COMMUNICATIONS AND SETTLEMENTS 

Tracings should be made of the communications and of the settlements. These 
tracings can be studied together and in conjunction with the phjrsical tracings. 
The roads and railways are influenced by the rivers and the relief. They avoid 
equally the low marshy tracts near the streams and the more rugged rdief. See 
the map facing page 32, which represents part of the marshy Yeo valley 
and the Mendip Hills. The meaning of nodality must be understood. A 
village or town site is said to be nodal when several routes converge upon it like 
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Btainga tied together in a knot. The word “nodal” comes feom the Latin 
nodus, a knot. Banchory (see map facing page 32) and Cheddar (see map' 
facing page 32) are examples of nodality. Cross-roads constitute a nodal point 
and sometimes mark a village ate. Gap towns, that is towns near a gap or pass 
through a hill range, are nodal, and so are bridge towns near where a bridge 
crosses a river. Iieeds and Guildford are gap towns near routes across the Pen- 
nines and North Downs respectively. Newcastle and Oxford are bridge towia. 



\ 

Fig. 15. CkiNCAVE Slope of Spub. 



Fig.' 16- Convex Slope op Spue. 


Adequate water supply has alwaj^ been an important 6onsideration in 
selecting a village site. Villages were often established around wrings which 
gush out at the junction of chalk or limestone and iJhe underlying day on the 
escarpments of the Wolds, Downs, and Cotswolds. Where streams and Gprings 
are scarce the posdbility of sinking wells governed the choice of village sites, as 
on the Lincolnshire Marsh and in the London Basin, where there is abundance 
of underground water which saturates the chalk like a sponge and is prevented 
from sinking deeper by the impervious clay which underlies the porous chalk. 




CHAPTER VI 

PHTSICAL BASIS OF MAP READING 
■ 1. SIGNIFICANCE OF RELIEF 

The relief of a region is a key to its physical geography, and this helps to 
esplain much of the human geography. Contours show the position of moun- 
tains and hills, their general outline, and their height. This hi gher land helps 
us to understand the direction and character of the drainage. Frequently it 
helps us to understand the climate, especially rainfall and temperature con- 
ditions. After inspecting even a small-scale relief map of Northern England 
showing the Pennines, we realise that the longest rivers flow from the eastern 
slopes towards the North Sea, and that the westward-flowing streams ore much 
shorter. We also notice that the western slopes are exposed to the rain-bearing 
winds £rom the Atlantic, and thus con understand why the Lancashire side 
r^eives more rain than the West Riding of Yorkshire. We can also understand 
wily Lancashire is less exposed to cold east winds. 

Inspection of larger-scale maps shows well-defined valleys of streams ivhich 
join the Ouse, and of other rivers rising in the Pennines. The contours suggest 
many interesting features, such as plateaux or relatively fiat uplands, escarp- 
ments, depressions across the Pennines where the Aire and Tyne Gaps give 
relatively easy east-to-west routes. 

However, it is not sufBcient merely to be able to read the contours and to 
say what features they represent. In order to interpret the map with reasonable 
fullness and to llnde^«t fl.n d the character of the various features, it is necessary 
to know something about the elements of physical geography. 

2. AGENTS OF EARTH SCULPTURE 

We sometimes speak of “ earth sculpture,” meaning the processes by which 
.various features have received their present form. Just as a sculptor’s tools, 
his chisel and mallet, have been used to shape a statue, so various agents have 
assisted in nbapiTig features on the earth’s surface. Two of the most important 
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■of such agents are water and ice, water mainly in the form of streams, and ice as 
glaciers or ice-caps. 

Streams have carved vaUeys in highland and lowland alike. The material 
removed in carving the valleys has been tran^orted dsewhere and deported to 
Ttinlrn flood-plains,^ alluvial fans,*^ and deltas.® A stream performs (1) des- 
tructive work, known as erosion, (2) constructive work, known as deposition. 
It acts as a transporting agent, and its load -of material resulting from erosion 

does a certain amount 
of destructive work 
known as corrasion. 

3. THE WORK OF ICE. 

Glaciers are limited 
to intensely cold regions, 
and it is obvious that 
livers, being much more 
numerous, have played 
a greater part in shaping 
physicalfeatures. How- 
ever, in Britain and 
elsewhere, when the < 
climate was much colder, 
there were glaciers and 
ice-sheets which have 
left their mark on the* 
surface. To-dayglacieis 
are confined to high 
mountains outside the 
British Isles; ice-caps occur not far from the polar circle. Knowledge of 
their work enables us to understand certain features in countries lilm the British 
Isles and Northern Germany, which were once covered with ice. 

Like rivers, glaciers perform a threefold work: (1) destruction, (2) transport, 
(3) construction. They move very slowly, but in their passage break off rock 
particles, which they carry with them and leave behind when changed climatic. 



Fig» 17. Valusv Fsatubes to Illitstbate the Wobh of Ioe. 

Generalised oroaa-seotion of vf^ey Bidch has been subject to 
geologically recent ice-aoti^. The depth of the ve^ey is 
exaggerated to omphosiso the features. 

1,1. Mountain heights which the glader did not reach; it did 
not fill the Talley higher than G, G. Hence the highest pcfda 
show the irregular outlie of ordhnary erosion contoasted with 
rounded forms due to glaciation. 

n, n, are lodges or “shoulders*’ (the Ftonch call them ^patde- 
tneato) once covered with ice, which has left behind it debris 
to form the soil supporting the grass on the Alpine Pastures 
(aipes). Often such ledges contain a tributaiy (hanging) valley 
which joins the main ‘valley at/,/, where falls occur, useful 
sources of hydro-clcctrio power. 

TTT IB the floor of the valiBy, where the main stream flows; 
it is U>shaped and was probably excavated by the ice below 
the dotted line which may be taken as the approximate level 
of the pro-glacial valley. 


^ See page' 44. 


> See page 45. 
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conditions or arrival below the snowline causes the ice to melt. A glacier 
with the aid of tools, ix. rock fragments, rather than by itself rubbing the ice, 
widens and deepens existing valleys, makes hollows which may become lake 
basins, and, with its transported debris, mantles pre-existing surface features. 

Such mantling is irregular, and in the hollows thus formed lakes are frequently 
found, as in the Masurian region of the North German Plain and in Finland. 

The construc- 
tive work of a 
glacier includes 
the formation of 
(1) low ranges of 
hills of boulders 
and clay known as 
moraines, like the 
Baltic Heights in 
Prussia and the 
Cromer Ridge in 
North-East Nor- 
folk, (2) low, 
elongated hills 
of boulder clay, 
generally regarded 
also as moraines, 
kn own as dr umlins , 

Rivers of the Ice 
Age have further 
left deposits of 
sand and gravel, 
forming ridges 
known as kames, 

or, where long and narrow, as eskers. Examples of botl] eskers and drumlins are 
found in Eastern Cheshire and along the estuarine area around Wigtown Bay in 
the Galloway region of South-Western Scotland. Eskers occur on the Carlisle 
Plain in Cumberland, and, with drumlins, may be found in other once-glaciated 
regions of Britain. Glacial soils, especially those derived from boulder clay, 
often form fertile land in Holdemess, Lincolnshire, and East Anglia. 
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Glacial ddbris has modified valleys and turned streams from their original 
course, as in the case of the Derwent, which formerly flowed into the North Sea, 
but by glacial ddbris was diverted in an opposite direction to become a tributary 
of the Yorkshire Ouse. It jises' not more than two or three miles from the North 
Sea, but now has a westward course of about one hundred miles to the Ouse. 

Icc'shects formerly covered the British Isles as far south as the Thames Valley , 
and many parts of the country show the effects of former glaciation. Eesulting 
features, in addition to eskers and dtumUns, include many lake basins in the 
Lake District and Scotland, which, if not actually formed by glacial action, were 
largely modified by the destructive and constructive action of ice. Existing 
hoUows were deepened by the ice, and vaDeys were dammed by tran^orted 
ddbris. The boulder day cliffs .of Holdemess axe of glacial origin, this clay 
being a glacial deposit which owes its name to the large number of transported 
rock fragments known as boulders. 


4. “the work of streams 

A large-scale contoured map of most British regions would show more features 
due to streams than to ice. Streams in their upper courses as a rule ore swift and 
do much destructive work, wearing rdativdy deep and narrow valleys, the waste 
material of which they carry along with them. Such narrow, steep-sided valleys 
are common in the Lake District, the Scottish Highlands, and North Wales. 

When streams reach land of gentler slope their velocity is checked and much of 
the material carried is deposited. The ddbris carried and deposited by a stream is 
known as alluvium, and many plains have been formed by such deposition when 
a river is in flood. The Vale of York is largely the alluvial flood-plain- of the 
Ouse and its tributaries, the Vale of Pickering that of the Derwent. Coarser 
ddbris, such as gravel, is sometimes deposited in the shape of a fan, 
so that the resulting feature is known as an alluvial fen. Examples are found 
in the valleys of small streams flowing from the Lincolnshire Wolds into the 
Bain, itself a tributary of the Witham. Villages are situated on these easily 
drained fens. Alluvial fans, used as village rites, occur at the mouth of glens 
drained by rapid streams flowing from hills which, like the Ochils in Ceritral 
Scotland, overlook a plain. 

The Pcnland owes much of its surface to deporits from rivers, though con- 
siderable areas along the Wash have been reclaimed from the sea. In map 
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nnnlysis many interesting features connected Avith flood-plains will be noticed. 
In flowing over n plain, a river's velocity is relatively slow and it cannot carve 
a very deep valley, deposition gcnerall)’ being more active than erosion. Thus 
sMiment is built up on the bod, and ns the bed is raised there is more and more 
tendency to flood. A very slight obstacle can turn aside the river, 'wliich twists 
and bends to form the curves known ns “ meanders,” from the name of a river 
in Asia Minor Avherc tliis feature is vet}' noticeable. Such rivers often change 
their course, part of the old meander being left in the shape of a crescent to form 
what is known ns an ox-bow lake or morl lake. 

IMenndcring rivers shown on British maps sometimes receive small straight 
water courses which arc nrtiflcinl drainage channels, e.g. in connection with the 
Feugh tributary of the Dee shown on the map facing page .32. These features 
emphasise the indecisive character of t he natural drainage, and arc attempts by man 
to make the rivereidc lands fit for mcadoAV.s. In Britain, Aullagcs arc rarely 
near the river, but are situated on higher hind .some distance aivay, (See map 
of the Yeo valley and Cheddar region facing page o2.) Rivers in their lower plain 
course swing from side to side of the valley, and rai.se the loA’el of their bed .so that 
they sometimes overflow and even cliangc their course. To avoid flooding, such 
rivers are embanked, as in thc-Fcnland and along the Trent. 

■ttlicn a river enters a lake or the sea, its velocity is chocked and its load is 
deposited, forming a delta, a triangular piece of land so named from i ho shape of 
delta," the Greek capital U. Several of the English lakes linv.* .leltas and on 
their deltaic plains the drainage is A’cry indecisive. See mai) facin'^ page 64 for 
examples in connection with the lakes Grasmere, Rydal atcr, and indermere. 
Deltas are not common round the English coast, because waves and tidal currents 
there arc very active and prevent deposition of sediment. English rii'ers, as a 
rule, end in estuaries or mouths where tides scour out the estuary at ebb, c.g. the 
Mersc}’. In the Tyne and Clyde estuaries the scour is less activ’c, heavy ilrcdging 
being necessary. In most estuaries there has been partial marine submergence 
of valleys originally cut by rivers. 

From the contoured map it is easy to study various forms connected with 
streams. In the upper part of the course, comprising what is sometimes known 
as the valley tract, corrosion is more active than deposition. The river thus 
deepens its channel and a valley develops. If the river were the only erosive 
force the valley sides would be practically vertical. The river cuts vertically 
downward} but at ibc same time weathering agents, such as rain, extremes of 
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temperataie, eq>eciall7 ftost, wear away lihe valley sides, widening the valley most 
at the top of the slopes, so that a V-shaped cross-seotioii results. 

The character of the V depends upon the hardness of the rocks and upon- the 
climate, especially the amount of rainfell and the length of time during which 
the river has worked. If the rocks are hard, the V will be rdativdy deep and 
narrow, as in Lake District valleys; if they are soft^ as in the clay vales of 
Eastern En^and, the V will he wide and rdiiively shallow. Heavy rainfall 
tends to give a gentle slope to the valley sides, because there is much lateral^ 
corrasion, though hard r9bks counteract such corrasion and produce a steeper 
slope than if the rooks were soft. Esamples are seen in the steep-sided valleys 
of the Lake District, where the hard rooks to some extent minimise the effect 
of the heavy Tninfall. Bocks, like limestone, which are termed permeable 
because they quickly absorb rain water, allow relatively little lateral erosion, 
their valleys bdng narrow and steep-sided, as in the limestone regions of the 
Central and Southern Pennines. Kie cross-section of a “youthful” stream 
valley has a very sharply defined V shape. 

Probably no arrangements of contours better repay study than the various 
fnrmg of rc-enttant. If the re-entrant is wide the valley is probably mature, 
intlinntiTig that the river’s work has continued for a long period; if the re-entrant 
is narrow, it usually signifies a youthful valley. Here it is advisable to consider 
the terms mature n-nd youthful in relation to what is known as the cycle of 
erotion. Several years ago, a famous American geographer. Professor W. M. 
Davis, suggested the term cycle of erosion in coxmection with the life history 
of streams. Three ideas are involved: structure, process, stage. Structure 
the kind of rocks subjected to such destructive process, and it is also 
necessary to consider the relative resistance to erosion of various kinds of rock. 
Process refers to the type of destructive process and its power, e.g. running water, ice. 
Stage brings in the time element, the rdative time during which the destructive 
agents have operated, and defines the stage of destruction reached: youthfiil or 
early, mature, senile or late. Sometimes a stage intermediate betvfeen early 
and mature is recognised; it is known as adolescent. ' 

In the youthful stage, gradients are steep; vertical, i.e. downward, erotion is 
very active and works rapidly. The longitadinal profile, i.e. the section curve 
along the length of the valley, is steep, and is irregular if hard rocks alternate 
with soft. Waterfalls and rapicls are frequent and sometimes there are lake 

* /.e. irearing away of the adia. 
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basins which receive and discharge rivers. Cross-sections of youthful valleys are 
sharply V-shaped. They are relatively deep and narrow, and their sides are 
very steep. Tributaries arc not numerous, and those which develop show most 
of the youthful characteristics. Such streams arc usually short and their gradients 
.are very steep. They are very narrow and have little or no flood-plain, a 
characteristic also nKociated with the main stream. A feature of youthfifl 
valleys is the development of interlocking spurs. That is, on the map there is 
a scries of bends, especially where harder rocks have oflered resistance to the 
cutting 'of a straight valley. One bank will be concave, the other convex. 
The convex' bank, representing a spur or projection, fits as it were, into the 
concave bend. 

The adolescent stage is chiefly char.icterised by a we.aring away of many of 
the interlocking spurs, because lateral erosion becomes more active as the gradient 
of the main stream is lessened by the tendency of depo-sition to exceed corrasion. 

In the mature stage the“devclopmont of a valley becomes more pronounced 
and a flood-plain is built up when dci«osition considerably e.xcceds corrasion. 
Meanders arc common. While the middle course begins to show these mature 
characteristics, .the upper coiuso may still show all the signs of yontli. The 
longitudinal profile becomes more gradcdi that is, inequalities of slope tend to 
disappear. The volume increases, bo docs the load of debris worn away fmtlier 
up-stream, and this load by its grinding action helps to deepen the chaimel. 
Lateral erosion is also incrcsised and a.«?sists the development of meanders. The 
cro.<ss-section of mature streams shows a wider V. but where racjindcrs have 
developed, there may be remains of the bases of interlocking bpurs, winch m time 
disappear. Tributaries arc more numerous and their vallep devoloii towards 
maturity. Their own tributaries show youthful characteristics in the upper 


In the senfle or late stage, the relief becomes very slight and the longitii Jnal 
curve is almost flat, grading (or base level) being practically attamed. Falls 
and rapids have disappeared, and lakes are silted up. Steep slopes are nowhere 
seen, and spurs have been worn away ns the valley has widened. The sha 
open valley shoivs hardly any trace of the V-shaped cross-section. Ikibutary 
valleys are almost as fully developed as that of the main stream, and tnbu arics 
are very numerous, forming a veritable network of watercourses. 

Sometimes, after senility has been reached, renewed activity or rejuvenation of 
streams occurs, due perhaps to some earth movementwhich steepens the gradient. 
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or to increased Tninfii.11. The destructive ■work of the streams recommenc^, and 
they begin to deepen their channds again. Their previous flood-plain is now 
above the levd of possible flooding and remains as a river terrace. Examples of 
river terraces are found west of the Lea valley in the Thames basin, in the lower 
Clyde valley, and on the Thames flood-plain just below Oxford. T^at are known 
as meanders are some^es cut downwMds after rejuvenation. They are 

Tyinnnilprg with stccp sidcs, Buch as those of the Wye, of the Wear near Durham, 
of the Dee near Llangollen. 

% 

5. STREAM SYSTEMS AND THEIR DEVELOPMENT 
So far, W6 have considered valley development in relation to individual 
streams, but it is also desirable to consider the evolution of a drainage system in 




Fig. 19, iKiTLiii Stage ik Stream Develofmest (Coksequeet Streams). 

AA', axis of uplift (anticline or upfold) \rlioso cross-section from sea to sea is somewliat as diown 
in (2); /*, stream headwaters (springs); C, consequent streams. 

which several streams are concerned. It is usual to consider the case of rocks 
raised in the form of an arch or dome, such, for instance, as the Pennines. One 
slope may be taken as typical. Rain which falls runs down it, and streams devdop 
in the direction of such slope. They are roughly parallel, and because their 
direction is in consequence of the slope, they are known as consequent streams. 
When their valleys are out, rain water will begin to flow into them from the 
sides, and tributaries at right angles 'to the parent stream will devdop. In the 
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theoretical example it is generally assumed that there are alternate bands of 
harder and softer rock parallel to the watershed, and that the tributaries 
develop along the softer bands. The harder beds will be cut out where 
the valleys of the consequent streams form, but elsewhere they will remain 
as ridges' along the valleys of the subsequent streams. Their steep slopes 
form escarpments. Such escarpments often undergo considerable modifi- 
cation, but the processes involved are beyond the scope of this book. 

The headwat^ of consequent and 
subsequent streams tend to work back- 
wards into their respective watersheds. 

One of the consequents may bo more rapid 
or may have greater volume than its fellows, 
and in its valley erosion will be more active. 

The valley will thus become deeper, and 
its tributaries will have a steeper gradient. 

Thmr headwaters will be active agents of 
erosion and eventually will cut back into 
the valley of their neighbour, which they 
will divert into their own valley. This is 
known asstream capture orbdiea^g. (See 
Figs. 22 and 23.) 

The lower part of the beheaded river, 
fed by the tributaries below the point where 
the capture occurred, will continue as a 
separate but smaller stream. Part of the 
valley of the captured stream will remain 
dry, but in another part from which it was 
diverted, a small stream, known as an ,* 

obsequent, may develop and flow in a direction opposite to that o e consequen . 

In time the strongest of the consequents may capture the headwaters of a 
the others. Tributaries concerned in the capture may eventiially become largm 
than their onginal parent stream. Streams flowing in va eys apparaa y 
large for them are termed misfits, as some of the Cotswold streams of "PP® 
Thames baan. A dry valley cut through an escarpment is called a wmd-gap, 
several wind-gaps through the CSiiltems and Downs escaroments serve as 

' route-ways. 
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Fig. 20. FuK-THBai Staqb in Stream 
Development (Consequent and Sub- 
sequent Stbeasis). 

As in Fig. 10, s, s being subsequent atreams 
developed on bands of softer rook 
(shaded). 


U. F. O, 


4 



50 


Physical Basis of Map Reading 



Fig. 21. Later 
Development 


Stage 
(C oKSEQtlENTj 


Stream 

Sub- 


sequent, AND ObSEQUEKT StREAMS). 

This is only one stream system whose earlier 
history is sho^m in Figs. 19 and 20: C = 
consequent (C' secondary or minor conse- 
quent developed after the subsequent); 
S = subsequent; 0 ~ obsequent. 


A practical application of tlie ideal case outlined above may be seen in the 
rivers flowing from the Pennines through Northumberland into the North Sea. 

The Pennines form a watershed with a con- 
siderable eastward slope, along which flow 
the Tyne, Blyth, Wansbeck, and Coquet. 
The Tyne has two branches, the North and 
South TyneV The South Tyne and the Coquet 
rise near the main watershed. The Wansbeck 
and Blyth rise considerably further east. 
The North Tyne has several right-bank 
tributaries which rise on the main watershed 
and are in a straight line with the Blyth and 
Wansbeck. At the outset, Tyne, Blyth, 
Wansbeck, and Coquet were probably con- 
sequent rivers flowing from the Pe nnin es 
into the North Sea. The Tyne was the most 
powerful, and the North Tyhfe seems to have cut backward and beheaded both the 
Blyth and Wansbeck, Eventually it will probably capture the Coquet. (See Fig, 24.) 

The term antecedent drainage is some- 
times applied to certain river systems in 
South-Eastern England. Originally the rocks 
here w'ere raised in the form of an arch 
w’hich chalk covered throughout. Consequent 
streams developed on each slope of the arch, 
and they, with their tributaries, removed 
the chalk from the top of the arch, but con- 
tinued in their original directions. In the 
lower part of the arch, except in the river 
valleys, the chalk resisted erosion more than 
did the softer rocks, and remains as two 
ridges, the North and South Downs, through 
wliich valleys are cut. They have been cut 
dovmward and are the much-deepened 
original valleys which were formed before 
the present relief took shape; hence the term antecedent drainage. Between 
the Downs is relatively low land known as the Weald, in the centre of which 
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Fig. 22. Stages in Stream Capture — 
Bepore Capture. 

C = consequent; S = subsequent; JMD = 
main divide; SD s= secondary divide. 
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; ;i rin<:e of sandstone, from which streams proceed north and south towards 
civA throurli the Downs. 

The associating a single cycle of erosion with the Weald is now 

diiCT(dit'M. " The region has passed tlirough one cycle of denudation, and is in 
an ‘ -VLage of the second.^’^ The consequent streams due to the initial 

of Wealden dome had reduced the area to a peneplain (almost a plain) 
when fur'tK'r uplift rejuvenated the drainage. Since then the streams have been 



Fi". t:h Stream CAPTUKa — 

Atter CArXCRE. 


At X inn ForonOnry divide is bre«nchcd by 
pub^-equcr.ts working backwards in direc- 
tion' r-hotvTi by arrows, tiie stronger and 
more northern stream diverting the otjier 
and bolipading tbo main stream M. 

SD = second sry divide; d — windgap. 



Fig. 24. The Northumberland Rivers to 
Illustrate Capture. 

The probable former upper courses of the 
Wansbeck and Blyth are shovm by 
dotted lines. The N. T>ne possibly cap- 
tured first the Blj'th and next the 
Wansbeck. 


deepening and widening their valleys and little denudation now takes place 
except in the High Weald, 

The term superimposed drainage is exemplified by the.rivers of the English 
Lake District. Much of this district consists of old hard rocks which were 
once covered by newer softer rocks in the form of a dome. Streams flowed 
in all directions down the slopes of the dome, radiating from its centre like the 
spokes of a wheel, whence the term radial drainage. Erosion removed the newer 
beds except for a ring around the older rocks. The streams continued to cut their 
valleys do^vnward and have kept the directions originally due to the dome-shaped 
1 C. C. Fagg and 6. E. Hutohlnga in Great Britain. 
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softer rocks. They cut down to the harder beds across which they flow to-day. 
These harder beds did not determine their direction, which seems in no way 
related to the present structure. It is imposed upon, rather than due to, the 
older and harder beds which to-day constitute the core of the Lake District. 
(See page 62.) Superimposed drainage is not confined to the Lake District; 
much of the drainage of Northern Britain must have been developed on chalk or 
newer rock surface. 

High land may be studied in conjunction with streams, since the latter carve 
the valleys which dissect mountainous regions like the Highlands and Southern 
Uplands of Scotland or the flanks of the Fennines. In dissecrion of high land 
the main factors are the velocity and erosive power of streams and the degree to 
which different rocks respond to such mechanical erosion. There is another 
aspect of erosion, the chemical, mainly due to the way in which the calcium 
carbonate (lime) of limestone rocks or chalk responds to the solvent action of 
rain-water containing carbon dioxide derived from the atmosphere. Owing to its 
numerous fissures, small and lai:ge, limestone is a porous rock, and rain readily 
sinks into it^ so that there is little surface flow off in the form of streams.' The 
solvent action of water accumulating along cracks and joints forms underground 
channels which have thdr own streams, a surface stream sometimes disappearing 
and reappearing some distance away. This is known as intermittent drainage. 
Underground channels may widen into caves, whose roofs sometimes fall in, 
forming narrow, steep-sided gorges like that of Cheddar in the Mendips. 

6. COASTAL FORMS 

Those Ordnance maps which include -a stretch of coast require special inter- 
pretation. It is necessary to consider the various types of coasts as well as 
certain broad aspects of their physical geography. 

Two important types of coasts maybe broadly classed as drowned (or sunken) and 
raised, or, ns it is sometimes put, coasts of submergence and coasts of emergence. 

Drowned Coasts. — ^In drowned coasts, which ate essentially sunken land 
surfaces invaded by the sea, the former character of the land forms is evident. 
J£ the drowned country was mountainous, there is much alternation of peninsulas 
and islands, straits and openings, the latter often being fine harbours. Ih Britain 
there arc two types of drowned mountain coast, the fjord coast of Western 
Scotland and the ria const of South-Western Ireland and South-Western England. 
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In very mountainous regions the drowned valleys form long, narrow, steep- 
sided loclis or Qords, but sometimes a valley has not been drowned and contains 
a lake. In Argyllshire, just north of Oban, Loch Btive is a fjord, but a little 
further inland, south of Ben Cruachan, a granite mountain, is an unsubmerged 
valley containing Loch Awe, a lake, which very little •s ink i n g would transform 
into a fjord. The valleys are evidently river valleys which had been modified 
by ice before the lower reaches were invaded by the sea. The straight, steep 
wall^ of the valley sides and the U-shaped cross-section suggest the work of ice. 
The frequent occurrence of tributaries at right-angles to the main valleys and 
ntiiiT p right-angled turns or zig-zags in the latter, point to fracture lines in the 
earth’s crust, along w’hich the streams etched the original valleys before these 
were deepened and widened by the ice. The tributaries are frequently hanging 
valleys at a higher level than the main valley, and when a stream occupies the 
undrowned upper reach,'a waterfall tumbles into the fjord. 

The land around the fjords, which is known as their hinterland, is rugged and 
unproductive, so that, thou^ the fjords form very good harbours, no large ports 
have developed, the only settlements being small fishin g villages, which, like 
Oban, occasionally develop into holiday resorts. 

Bia coasts have not so rugged a hinterland as have the fjords, and there is 
no evidence of the work of ice. In South-West Lrcland the rocks by some 
earth movement were crumpled up to form ridges (upfolds) with intervening 
down-folds, the whole similar to the wrinldes in the skin of a dried orange. 
The down-folds in which river valleys 'had developed were drowned in their • 
lower reaches and became lias, the upfolds persisted as penmsulas. The nas 
have few tributary valleys, but the streams flowing into the ria heads tend 
to silt up the latter, thou^ the scour of the tides to some extent negatives 
such silting. Except where a port has developed for reasons other than 
purely commercial, as on Plymouth Sound in Devon, where the port has 
risen round a naval dooliyard, ria coasts are almost as barren of human 
settlement as are the fjords. 

A drowned lowland coast occurs in South-East Suffolk and Essex. The relief 
is veiy 'slight, and the weak gradient has resulted m shallow stream volleys. 
Parts of some have been submerged, forming estuaries, which, but for the tidal 
scour, would soon bo blocked by silt. If deposition by marine currents parallel 
with the coast is more than the streams and tides can remove, a spit will form 
across the estuary, as at Landguard Point. Eventually a lagoon must result, as 
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in the case of the Norfolk Broads, the river flowing into the lagoon, which it will 
gradually silt up. The river may he diverted as in the case of the Aide. 

Many interesting features are shown on an Ordnance map of the Orwell- 
Stour estuaries. The permanent channel is discernible between mud banks 
which are covered at hi^, and exposed at low, ride. Hi-defined streams 
or creeks drain into estuaries, and protective embankments point to periodical 
flooding. The maps show a number of low islands, such as Horsey 
Island and Canvey Island, which have been reclaimed and embanked. Much of 
the coast, however, is in a state of periodical flux. At high ride there is an 
expanse of shallow water which recedes at low ride and leaves a sur&ce of 
and mud, which, where deposirion by marine currents is not counteracted by ridnl 
scour, wiU eventually develop into permanent low islands intersected by creeks. 

Raised Coasts.^A good example of a coast of emergence is the eastern shore 
of the I7.S.A. in North and South Carolina and Georgia. Before uplift, the sea 
bottom near the land would be ^de smooth by the normal process of deposirion, 
so that the relief of the newly-emerged area was smooth, and the coastline TnnrTrPfi 
by long, simpie curves. Briiind such new coastal belt, more varied relief and 
steeper slope usually marks the older land. 

The Marrii of Eastern Lincolnshire is essenrially a pre-glacial wave-out shelf ' 
covered with boulder day and more recent deposits. Before the emergence of 
this coast, the eastern edge of the Wolds was theshore-line, evidence of this bemgthe 
occurrence of marine shells and fossils in sand and gravel along the Wold borders. 

Marsh coasts which have attained some stability are parts of the ninrati 
of Lincolnshire and Northern Norfolk. They were once sea bottom, but, Rinna 
elevation, have been built up of deposits brought by streams from H gTipr 
areas and by marine currents foom^ewhere along the coast where denudation by 
the waves has been acrive. Such coasts are regular in outline, unfretted by any 
indentation except the mouths of small streams which have flowed across the 
marsh from the Lincolnshire Wolds or the West Norfolk Heights. 

Cliffs asid Beaches. — ^I nteresring coastal features are cipb, which may be 

(1) the iriictured end of chalk hills, as Beachy Head or the Elamborough difis; 

(2) the edges of hard rock, as the difis bordering Exmoor or the granite cli£& of 
Cornwall,' (3) the edge of boulder clay remnants of the Ice Age, as the ftUffn of 
Holdcmess. To understand cliff recession is to realise how beaches are formed, 
and how coastal debris is tran^orted by currents to form sandbanks, as in the 
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Wash, or spits like Spurn Point, both largely derived from waste denuded from 
the Holderness shore. Waves weaken and wash away the lower part of a cliff 
which they can reach at high tide. The overhanging upper part eventually falls 
and is dashed about by the waves, furnishing material for subsequent attack on 
the lower part of the cliff, when the destructive process is repeated. The eroded 
debris is ground into small pebbles, shingle, and then sand, the heavier portions 
being spread out to form a beach, the hghter being transported elsewhere. 

7. SITES OF HUMAN SETTLEMENT 

' In map analysis it is important to study the sites of human settlement and to 
explain how far geographical factors have operated. Site values have changed 
at different periods, but we can say broadly that in the early days of settlement 
the main essentials of a good site related to defence, water-supply, nearness to 
food supphes or means of raising them. Later, another important site-value 
was facility for exchanging surplus products with neighbours, and thus the route 
settlement, the bridge-town or confluence settlement, developed. Still later, at the 
advent of the industrial age, power was an all-important consideration, so that 
the industrial town and the mining village grew up near the coalfield. 

Types of villages to be noted in addition to the mining village, are the suburban 
village, the agricultural village, coast, villages. There may be straggling route 
villages stretching along a main road, as in the Fens, where there are many small- 
holdings, more compact villages grouped around cross-roads or situated in the 
blind end of tributary stream valleys, as in the Central or South W olds of Lincoln- 
shire. They are typical valley -villages where the original controls of settlement 
were fertile alluvial soil, adequate water supply, and a dry site for the dweUings. 

It is well to note some of the general influences of relief and topography upon 
human settlement and to apply or adapt them to particular cases when various 
maps are studied. ' Probably they will apply best when the British one-inch 
Ordnance maps are analysed. 

Note the different controls exerted by valleys and hill-slopes or lull-tops. In 
the Lake District, along the Pennines, or the Chalk Downs, there is very httle 
settlement on the higher land. The valleys of the Lake District, whether they 
carry rivers or lakes, account for practically all the settlement, sparse as it is. 
The extended lines of small villages or hamlets fringe the valleys where deposits 
of' workable soil are relatively narrow and are often bordered by the steep wall 
of the valley sides. Hence, the villages extend in a string rather than a group. 
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so that as much land as possible can be assigned to eacli farm. Sometimes, when 
conditions are particularly unfavourable, only isolated farms are found, and they 
are largely based on sheep farming. Such conditions afford striking contrast with 
the relatively dense agricultural settlement of the fertile Eden Valley. 

Around the lakes, larger villages and small townships have a grouped rather 
than a string-like arrangement of habitations. There is often a deltaic fiat at the 
head of a lake or between two lakes, and these lowlands are more favourable to 
farming than are the steep-sided valleys. Eut many of the lakeside settlements 
cater for tourists during the summer, and their hotels or boarding-houses naturally 
group round some central focus such as a railway station. Briefiy, we may say 
that the control in the Lake District is mainly relief control, though the heavy 
rainfall and bleak climate are also unfavorable to settlement on the uplands. 

There are plenty of springs, and there is a sufficiency of surface water in the 
Lake District, but in parts of the Pennines, notably around Ingleborough and 
north of the Aire Gap in Yorkshire, and in South Derbyshire, the limestone 
structre introduces an additional negative control, namely lack of surface wtlter. 
Practically all the permanent water courses are along the valley floors, and in 
these valleys, known as “ dales,” are found the human settlements of small 
villages or single farmsteads, with perhaps a small market town at the entrance to 
the dale. The upland is mostly heather-covered moor or rough grassland, at best 
only useful as poor sheep pasture, and frequently not good enough for that. 
Some parts of the Pennines are composed of imper\dous rock, notably millstone 
grit, as in North Derbyshire, and here spongy peat bogs, known as mosses, 
are unfavourable to settlement or economic development. 

Reference has been made to the importance of lines of \’illages at the base 
of the limestone and chalk scarps of South-Eastern England. Maps showing 
parish boundaries in these regions emphasise some important aspects of soil and 
relief control. The villages are generally found on the lower slope of the scarp, 
just above where a permeable rock like chalk or greensand rests on the imper- 
meable clay. Tliis is a zone favourable to springs. The parish boundaries often 
run from the village in one direction up the hill, giving sheep pasture, and in the 
opposite direction from the scarp on to the bordering clay vale, which supplies 
pasture suited to dairjdng. The shape of such parishes is a long, narrow rectangle. 
The ploughed land is generally around the village, on soil like the upper greensand 
of the lower scarp slope, or in the higher part of the clay vale, the lower portions 
of which inay be dotted with single dairy farms. Examples of such parishes are 
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found on the Downs of South-Eastern England, Wiltshire, and Dorsetshire, and 
the limestone heights of Kesteven in Lincolnshire. 

As a contrast to the agricultural valleys of England with their sparse farming 
population, take the densely-peopled mining valleys of South Wales. These 
steep, narrow valleys enable coal to be mined in open seams and easily trans- 
ported to the coast because of a suitable gradient along the valley. But the 
steepness and narrowness of the valleys is unfavourable to healthy village sites. 
Towns and villages are crowded on the slopes, which frequently must be 
“ climbed ” by streets, so that houses rise tier above tier. There is lack of' 
gardens, and the upkeep of roads, gas and water mains is heavy, all adding to the 
costly and drab living-conditions of the miners. 

In -addition to noting the controls of village sites, it is well to study the 
conventional signs used for individual villages. Thus, reference to hall, manor, 
farm, marsh, quarry, watermill, windmill, smithy will afford some clue to local 
activities. So will types of woods and orchards, and the class of road. 

. If possible, Ordnance maps for the districts referred to in this chapter should 
be consulted. ' 

In connection mth the subject-matter of this chapter, more advanced students 
should, if possible, refer to Great Britain : Regional Essays, edited by Professor A. G. 
Ogiltde. This gives examples of river capture in connection with (1) the Irvine 
and other streams m central Scotland; (2) the Ericht valley of the Tay basin; (3) the 
rivers of the Vale of York; (4) the Don valley near Sheffield; (5) the Steeping and 
Withern Eau in the South Wolds of Lincolnshire; (6) rivers such as the Teign in 
South-Western England ; (7) the Windrush valley of the upper Thames system ; (8) 
the lower Severn and upper Thames systems. Where this book and some of the 
relevant Ordnance maps are available, it is possible to follow the explanations in- 
telligently and to apply these as particular examples of the generalised theory dealt 
with in this chapter. In some instances, notably in connection with the Severn and 
Thames, there is considerable difference of opinion amongst competent authorities. 

Eeference to the index of Great Britain mil give many other examples relative 
to physical geography. 

Students may with advantage consult the chapters on streams, coasts, etc., 
in books such as Lake’s Physical Geography or Laborde’s translation of De 
Martonne’s Smaller Physical Geography. 

H. Peake’s The English Village is worth consulting for types of village settle- 
ment. See also Carter’s Landforms and Life. 



CHAPTER VII 

STUDY OF SELECTED ORDNANCE MAPS 
1. GENERAL HINTS 

In a previous otapter (Chapter V.) vre have suggested that the best way 
to study an Ordnance map and all its detail is to classify some of the more impor- 
tant features by means of separate tracings of such matters as (1) contours; 
(2) streams, canals, and lakes; (3) roads and railways; (4) village and town sites 
in relation to the habitations. The most profitable and really the only educa- 
tional way of studying Ordnance maps is to use them in conjunction with practical 
work on some district known to you. It can be your home district or some 
region to which you have access durmg holiday. By practical wdrir is meant 
fairly detailed examination of the region with a view to systematic geographical 
description. Such a description might deal with the physical features and soils 
in relation to human activily and settlement. 

In this examination try to apply the physical geography you have learned 
rnnpgmin g earth sculpture, particularly in connection with the work of streams 
(Art. 4, Chapter VI.). If you have sufficient topographical knowledge of the 
district to visualise it roughly from the map, a preparatory exercise is to examine 
the map in all its bearings by means of your tracings. The contours will suggest 
the land forms, and from these you can try to identify broad physical regions, 
such as a chalk or limestone plateau, a river valley, or the complete stream basin, 
an alluvial plain, or perhaps a lowland mar^ covered with facial drift. It is 
well to make rough notes under various headings, e.g. “physical features,” 
“ suggested physical regions.” Later these can be revised or amplified as your 
practical study of the country proceeds. 

Failing a complete personal survey, the next best thing is access to photographs 
of typical views. Gradually you will be able to expand your tracings and to 
build up a set of specialised maps, e.g. (1) of the physical features analysed to 
show physical regions; (2) of communications in conjunction with contoius and 
general physical features; (3) of the habitations and distribution of population 
in relation to water supply, fertile soil, mineral deposits, etc. 
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2. PRACTICE IN INTERPRETING CONTOURS AND CONVENTIONAL SIGNS 

Previous to detailed study of Ordnance Survey sheets it will be helpful to 
undertake preliminary exercises based on the portions of Ordnance maps included 
in this book. Such exercises done during re-reading of Chapters V . and VI. will 
furnish examples of important terms connected with relief features, streams, etc., 
and will serve as a useful introduction to exercises given on pages 225-27, which 
deal with Ordnance maps suggested for detailed examination. 

Take a piece of tracing paper about the size of a page of this book, and on it 
draw a frame corresponding with that of the map studied. Superimpose on the 
map, and, guided by the contours, \vrite in the appropriate positions the names 
of various features. The following plan is recommended. 

Pick out the highest contour and examine the others in relation to it. This 
will enable you to identify forms such as a plateau, ridge, hill, peak, or knoll, 
brief descriptions of which are given on pages Sf, 35. Next consider the slope, 
close contours indicating a steep slope and more widely spaced ones a gentler slope. 
On the tracing paper use appropriate adjectives to describe the features noted. 
Thus, you may identify a ridge, long, narrow (or broad), steep-sided (or with 
gentle slope); a plateau, broad (or narrow), relatively flat (or undulating), steep- 
sided or otherwise, much (or little) dissected by streams. In connection with 
peaks you will probably recognise the sign for a trigonometrical station. When 
dealing with ridges, plateaux, etc., note features associated with them, such as 
the brow or crest, crest-line or ridge-line, spur, re-entrant, col or saddle, cirque 
or corrie, escarpment. 

So far you have considered the higher land. Now study the valleys and 
plains, with their drainage features. In a mountainous region with many close 
contours and sometimes in a region of uniform relief it is not easy at first sight to 
pick out the valleys. Bead the hints on page 36. It may be desirable to use a 
fresh sheet of tracing paper for the valleys and streams. Trace the streams and 
other writer features with pencil. Then mark and describe the valleys. Suitable 
adjectives may be used for the valleys to denote their geological age or character, 
e.g. young, adolescent, mature, senile (see page 47); torrential, narrow and deep 
(or gorge-like), hanging, stepped, broad, sliallow, and flat.^ Broad, flat valleys 
frequently have an alluvial flood-plain, and it will be possible to identify manj 
featm-es associated with such plains, c.g. meanders, ox-bow lakes, embanked 
streams, straight artificial water-courses and drainage channels, marshes, deltaic 
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flats where a stream enters a lake, though the tides around the British Isles 
are not favourahle to the development of coastal deltas. 

Draw cross-sections and longitudinal profiles of valleys. (See page 39.) 
Such profiles, as well as those of roads, assist the formation of a three dimension 
mental picture of the region. Steep-sided cross-sectipns of uniform width near 
the floor and top of the valley indicate former glaciation, and breaks or steps in 
the longitudinal profile suggest rapids or waterfalls. Trace the approximate 
limits of stream basins and the general direction of the water-parting separating 
them. 

Next study the hahitations. On a separate piece of tracing paper mark the 
site of towns, villages, and single dispersed hahitations such as farms on chalk or 
limestone uplands. This will assist the formation of a mental picture of the 
distribution of population. It should be examined in relation to the contours 
and streams, and a little practice wiU show how these have influenced the .choice 
of settlement sites. (See pages 55, 56.) Note how communications link up 
settlements, and carefuUy distinguish between the various types of road, which 
may explain, or are a consequence of, the distribution of population. Where the 
physical features are unfavourable to settlement it is unusual to find first-class 
roads, but where population has concentrated, as in mining or fertile agricultural 
regions, construction of routeways has been necessary. 

The foregoing methods, which are intended to help the identification of 
features on the map, should be applied to all the maps included in this book, 
and to other Ordnance maps, particularly the one-inch series. Such practice 
may be termed the alphabet of map-reading, and can be followed by more con- 
structive composition describing the country represented by the map. Begin 
mth a simple examination somewhat as follows, using the Cheddar map (opposite 
page 32). 

PRELiMix.iUiy Inspection. — ^Note (1) closeness of contours on the top and 
right-hand side of the map, identifying ridge, plateau, escarpment, spur, re- 
entrant, gorge, drj’' valley, chfF, caverns, and the highest triangulation stations 
or spot heights for comparison with the low-lying river valley; (2) absence of 
contours in most of the valley, its drainage features, distinguishing between 
natural and artificial water-courses, road and railway bridges over water-courses; 
(3) contours in bottom left-hand corner of map and difficulty of obtaining from 
them any indication of relief features. 
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It is now possible to divide the area represented by the map into tliree 
well-defined physical regions indicated by (1), (2), (3), in the preceding paragraph, 
namely scarped upland, allin-ial flood-plain, and undulating lowland. In each 
of these divisions identify the habitations, means of communication, and other 
aspects of human geography, c.specially possible methods of land utilisation, 
noting references to “ moor,” “ wood,” “ rough pasture,” etc. In examining the 
railway, note the occurrence of cuttings, embankments, and tunnels. 

DescrutiOxV.— liefer to pages 69-71, which give notes on the Cheddar map. 

Take each of the physical regions noted in the preliminary inspection, and, 
assuming that the top of the map is north, locate them. Give the direction of 
the upland, and especially of its escarpment, noting minor features which cause, 
a break in the continuity of the latter. The preliminary inspection will have 
prepared you for this;'"-and use should be made of suitable adjectives. The 
upland, which is part of the Mendips, is essentiallj* a steep-sided, smooth-topped 
plateau, to some extent cut up by valle 3 -s, which are dry. This absence of 
surface water, and the fact that the map definitelj' refers to caverns, suggests 
limestone structure. Consider the distribution of habitations, noting how ^^lIagcs 
cluster at the foot of the e.scarpment where conditions favour spring formation, 
and contrast with the bare uplands with their few scattered farms. Connect the 
main roads with the valleys and the minor roads with the plateau. Steep-sided 
and winding will define the valley carrjnng the route of which the gorge is a part. 

Describe the valley of the Yeo as an alluvial flood-plain, and note the character 
of the winding river and the artificial drainage channels. Refer to necessitv' for 
road and railway bridges, embantanents, etc. The railway can be described "with 
reference to both the Yeo valley, the scarp border and the upland. The almost 
entire absence of habitations in the actual river valley should be stressed. 

3. THE ENGLISH LAKE DISTRICT 

The large one-inch Tourist Edition sheet of the Ordnance map of the Lake 
District is recommended for study. It depicts a definite natural region, and is 
large enough for parts of it to form the basis of several exercises given on 
pages 225-G. Tlic relief is very graphically shown. Interesting portions of 
Popular Edition sheets of this district will be found facing page 64. 

The main interest in the English Lake District centres round the relief and 
the system of drainage. The relief furnishes examples of many ditTcrent physical 
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featuresj and from the one-inch Ordnance map it is possible to obtain much varied 
practice in the interpretation of contours. The drainage is of the tjpe 
^own as superimposed drainage. (See Chapter VI.) 

Superimposed damage is apparently independent of the present rook structure. 
Originally the courses of the rivers were determined by some uplift of the surface 
and would be related to the rock structure as it then. was. But in course of time 
the streams cut their valleys down into the older rocks, much of the surface of 
the younger rocks being worn away by erosion. However, the original direction 
of the valleys was maintained, ^ou^ the rocks originally determining this 
direction have disappeared. 

In the Lake District the older rocks which form the central part of the region 
are surroimded by newer rocks, which once covered the whole region and formed 
a land of dome. The centre of the dome was somewhere near what is now the 
peak known as Helvellyn, and streams flowed fi;om the top of the dome in all 
directions like the spokes of a wheel. The newer rocks have been worn away by 
erosion, exposing the older rocks, which had been folded in a direction kou^ly 
from south-west, to north-east. ^Diis line of folds eastward from Scafell to-day 
serves as a short watershed, but the arrangement of the valleys is definitely 
radial. Drainage, as from Windermere and Coniston Water, flows south into 
Morecambe Bay; from Wast Water, Bassenthwaite, and other lakes, south-west 
and west into the Irish Sea; from UUswater and smaller lakes eastward or north- 
eastward into the Eden. 

In many of the valleys are long, ribbon-shaped lakes fed by the upper courses 
of streams and drained by the lower courses in the directions noted above. ■ The 
upper parts of the valleys are generally out down into the older rocks, and in 
such parts there is apparently little relation between the rock structure and the 
direction of the valley's. The lower courses of the streams are on the newer 
rocks which formed the lower part of the original dome, and their connection with 
the original slope of the dome is apparent. 

On the maps facing page 64 it is easy to trace the valleys by means of 
contours, and tlie valleys help to define features of the hi^er land. From the 
closeness of the contours it is evident that the valle]rs are usually steep-sided, 
and this is particularly noticeable along the sides of most of the lakes. The 
valleys cut deeply into the remains of the dome, and thus the drainage may be 
termed incised. It seems to cut up the surface into blocks of platraux, from 
which rise wild peaks, such as Helvellyn, Skiddaw, Scafell. , The wildest 
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sccnciy is \rhcrc the older volcanic rocks predommate, especially round Wost 
Water to the west of the dome. In the south, hard rocks known as grite and 
shales occur, and the contours there show smoother outlines in the district of 
the low fells, contrasting with the high fells round Helvellyn. There is wooded 
and park-like scenery round Lake Windermere. On the northern part of the 
eastern flanks of the dome the less rugged country is mainly limestone moorland, 
devoted to sheep pasture. The southern part is what is known as karst, with 
poor limestone soil, little surface drainage, but some underground stream channels 
and eaves. 

Examination of the map shows that the English lakes arc long and narrow, 
and often almost straight. Tlicy arc partly in rock basins or hollows in the solid 
rock, ond partly in vallc}^ dammed by drift left by the glaciers which once covered 
this part of Britain. Their valley sides arc very steep, often rising practically 
sheer from the water. Sometimes the lakes arc in pairs connected by a stream, 
as Bassenihwaite and Eerwentaater, the land between the lakes bemg like a 
delta, marshy, and avoided by roads. The stream is extending this delta and is 
tending to All up the lake in the lowest part of its course. 

Some of the tributary valleys arc marked by contours very close together, 
and arc obviously at a Ugher level than the main valley. They are known ns 
hanging valleys, and the mam valley is said to have been ovcrdccpcncd. Some 
physical geographers say that such ovcrdccpcning occurred when glaciers covered 
the region, the erosive power of the ice being greater in the wider valley. Those 
who believe glaciers to have little erosive power think that ice in the main vallc}’ 
protected it from erosion by water, but that streams could develop and cu& 
bnclnvards on the slopes above the ice. Their valleys would be above the level 
of the main valley and when the glacier dh^ppeared they would remain ns 
hanging valleys. From these valleys, cascades drop into the main stream or into 
n lake. Tlic famous Fall of Lodorc is near Derwentwnter. TIic wild region 
round Wnst Water has many hanging valleys and waterfalls. Tlicre are many 
tarns or small lakes in rock basins, especially cast of Thirlmcre, and several of 
them drain into Ullswatcr or the Eden by means of short streams. 

The highest slopes and summits arc bare of vegetation. The valleys arc 
generally marked % wooded slopes, and lakeside woods are features of the 
sccnciy. Note the closeness of the contours on the heights round Skiddaw, and 
how they widen out to show the Greta valley. Boads, railway, and villages 
are in this valley. 
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Much of vrhat has been said about the Tourist Edition map of the whole Lake 
District will apply to the small Ambleside map (facing page 64) and the Sedbergh 
map (facing page 64). 

The Asibheside Map.— Points to note in this map are the drainage into the 
lakes, and the significance of the contours. On the north-east side of the 
portion of Windermere shown, and around Rydal Water and Orasmere, the 
contours are close together, and approach the lakesidcs, showing the steep slopes,* 
which, with then woods, give the picturesque scenery associated with this district. 
Here there are bang in g valleys, fi;om which torrents tumble into the lakes. 
Contrast with the wider valleys of the larger streams whose tributaries, however, 
are torrents in narrow valleys which often contain small waterfalls. Mote the 
stretch of low allmdal flat land between Windermere and Rydal Water. It is 
really a delta built up by the streams. 

The isolated sununits show gentler slopes than the valley sides. They may be 
regarded as remnants of the ancient dome-like surface above mentioned in which 
the valleys have been incised. 

Note how the valleys and lakeside lowland control the routes, how settlement 
is on the slopes in the valleys, and avoids the high land as well as the immediate 
neighbourhood of streams in the valleys. The nodalify of Ambleside is obvious, 
several routes meeting at this site. Points worth notice are the Thirlmere 
aqueduct, which supplies Manchester with water, the steep gradient of certain 
roads of minor importance, and place names such as fell, crag, pike, ghyll. 

The Sedbehoh Map. — An important point in the Sedbergh map is the nodal 
position of Sedbergh, from which radiate many routes, including the railway. 
The contoius guide us in tracing the valleys, which on the whole, are wider than 
those on the Ambleside map. They contain larger streams, with more developed 
flood-plains, across which the streams meander. On the whole, settlement avoids 
the immediate neighbourhood of the streams, seeking the drier ground on the 
lower slopes of the upland. Except for Sedbergh, hamlets and isolated dwellings 
predominate. This is explained by the physical geography, which shows that 
mountain and moorland are characteristic of the region. 

Between the Lunc and Rawthey valleys is a stretch of wild mountainous region 
of the Lake District “ fells,” where the old bard rock predominates and furnishes 
poor soil. Tlic radial, steep-sided, narrow valleys, which contain small “ becks ” 
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flowinc into the Lnne and KaTvlhey, are not suitable for cultivation, and 
Fli»*»'p-re.'irinE if the main industry on the lower slopes. There i.s mi.ved 
frirminc in the main valleys, but. bccau.se of the predominating high land, 
fri'’iliti<'-> for this arc limited. 

Examination of contours shows that in the we.st altitude is le.ss and that .slopes 
arc not £•! steep as in the area dc.scribcd in the last paragraph. Ck)mmunic.ation 
itt es'^i'T Iiere, and road.s, both transverse and longitudinal, arc plentiful, though 
th-’v an* of minor importance. They mainly sei^’e \-illagc.s and hamlets in 
th'*' Lune valley, there being practically no settlement on the higher folks west 
of this river. 

In il-.e east and soutli-eaht of the map the fairly clo.se spacing of the contours 
Mv\ their iiumbcr denote the steep slopes of tolerably high land. There i.s a 
ji.*.rije>il.arly steep slope west of the river Dee, and here there arc no transverse 
road'. The south-east ronsi.sU! of limestone country, shomi by the discontinuous 
Irne'!!'' of slreant indicating underground drainage and by the uniform plateau 
ch:.r.«cter of the moorland. 


4. THE LINCOLNSHIRE WOLDS: A CHALK UPLAND 

TJ." appropriate one-inch sheets should be used, but a small-scale relief map 
(r:e. i")) i'^ given on pase GO. 

M’ldy of the Lincolnshire Wolds will give c.vnmples of sotne of the main 
ft.ifu!''.^ a«-‘'oeiatcd with chalk uplands. A tracing of the contours of the 
Wc.M- .>showfi that the whole constitutes a belt of upland stretching from 
to jjorth-west. and continued acro.ss the Humber ns the Yorkshire 
WoM*-. In the west, the contours are close togotlier, and the development of an 
e- ..rpnifnt i.-? very clc.arly shown. Towards the cast of the Wold.*;, the contour.^ 
an mm-h wider apart, and thus we .«ce that there is a Eentle slope in the direction 
c>f th'* Ifiwland ^larsh which skirt.s the Xorth Sea. 

Tho Wold*; may be divnded into three sub-regions, namely the North, Central, 
aii.i,Poi:tli Wolds, and this division can be followed if wc e.vnminc the contour.? 
fairly r!o'--ly. The North Wolds have few streams, and along thr-ir wc.stern edge f lie 
* ■'■-irpmcnt is lower and more regular than in the other two regions. In the Central 
Wi»l‘.b* there are more streams, anti thus there i.-; a more clearly-definfd valley 
sy.'P’m, thecentlercnstcm slope. Thoe.«carpmeiitLjhighe.stnndb'*?t 

dcv« lojM d in the Central Wolds, where it is much fretted by the headwaters of small 
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streams Tvliicli flow west to two larger streams, tlie Ancliolmeand Langworth whicli 
are tributary to the Humber and Witbam respectively. In tbe South olds the 
scarp gradually ceases to .be a prominent feature, but there are several streams 

^ flowing respectively to the 

\ Witham and the North 

' \ Sea. Consideration of the 

, - - — \ \ streams and their in- 

'X 'V \ fluence upon village sites 

\ 'X. \ aifords sufficient contrast 

O N. to justify threefold divis- 

1 Qj. ^ though each division 

\ ^ distinct character- 

( istics in relation to the 

^ 5 escarpment. The North 

and Central Wolds are 
I separated by a transverse 
^ 1 "X \ east -to -west depression 

\ \ ’^flich is utihsed by the 

If the valleys could be 

/ % material 

(r^ U which has been eroded in 

2%> ^ ^ formation, the 

Wolds would be a plateau, 
^ plateau character 

A V of the relief is evident in 

JZ'TooLo^erc. those parts where there 

cm oYza 400' ^ are few or no valleys. The 

? f f f f f f j^f/tes ^ Wolds as a whole can be 

, defined as a dissected 

plateau of relatively low 
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Fig. 25. The Liscolicshiee Woles. 
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Now consider the streams. With the exception of the Bain, which flows to the 
Witham, the westward-flowing streams have little influence on the Wold topography, 
as they are merely the headwaters of streams which originate from springs along 
the Wold escarpment, where challc rests on impermeable clay and supphes spring 
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wat or wliioh cannot malrc way t lirouph the clay. This water fell ns rain and soaked 
downward through the chalk as through a sponge. It oo7.c.s out ns springs where 
the chalk tonolios the clay, as it cannot make progress through the impci^-iousclny. 

There ar** many villages along the escarpment. If a tracing of the village 
s-itos he in.ade. it will he seen that there is a well-developed line of the«n following 
th«« direction of the scarp. They arc .‘lomctimns called sub-scarp villages because 
their site-j were largely due to the pre.^cnce of springs at the base of the sc.ari). 
The sciu]> is not sufiicicntly steep to interfere with communications. Make a 
tnicint: of the roads and notice that there arc many which are transverse 
route' linking up the eastern valleys and the bordering marshland with the 
Clay Vale we„st of the Wolds. The transverse roads generally take advantage 
of .“tream valleys, but there arc important roads along the length of tlie 
ridge and plateau. Contrast such distribution of relatively easy routes with 
communications in the mountainous regions of the Scottish Highlands, where 
road construction has been veij* difHcult and is absolutely dependent on the valleys. 

Wold villages, apart from those along the scarp-base, arc generally in the 
vnllevs of streams flowing to the North Sea or tributarv to the Wit ham. Awav 
from the valleys, there arc practically no rfllagcs, though isolated farmsteads, 
known locally ns “ tops ” and featured thus on the map. are found here and there 
on the ureamlcss higher land of the ridge. The problem of wator supply is here 
iftlve-1 by sinking wells, and the water is often raised by windpumps, the symbol 
of which you will notice. 

Practically all North Wold villages are in the west, near the sub-scarp springs, 
because no .streams flow ca.sfc from this part of the Wolds. If a tracing of the 
stn‘4ims and vnlle\*s be made, it will be seen why the villages of the Central and 
South Wolds arc more widcl)* distributed. The blanks on a village-site tracing 
gem mlly fit into the contours which enclose and mark the higher levels of the region. 

There arc no towjis actually on the Wolds, tlionch there are a few small 
market -towiis on the bordeis. This shows that the Wold is essentially a farming 
region, and that the bordering market-towns arc colicciinc centre.'s for the farm 
produce. The villages arc small, and this is ex|>!aincd by the fact that Wold farms 
are lnrg<',bccatjso the poor soil dots not favour the intensive cultivation associated 
with smaller holdings. Soil of chnlkand limestone-regions is alw.ays poor, and some 
of the Wold is mantled by clay and .s.md left by the old-time icc-sheet. After the 
Industri,-)! Ilevolution much was done to improve the soil of tlus region, which 
was previously largely given over to poor f-heep pasture and rabbit warrens. 
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5. THE BANCHORY DISTRICT OF THE DEE VALLEY 

This map (fadng page 32) comprises part of the middle basin of the 
Aberdeenshire river Dee. The Dee valley on the whole lies upon crystalline 
schists flanked on both sides by large granite masses. The contours show the 
rounded character of hard rock surface scoured by heavy glaciation. 

The map shows part of the main valley of the Dee, which is marked by incised 
meanders cut in the hard schists. This comparatively narrow valley is a contrast 
to the relatively wider valley of the tributary, the Water of Feu^, above Heugh- 
hcad. The Feugh valley is here along the boundary of granite to the south and 
schists to the north and is much wider. The meanders wander about more, and 
are connected with a network of minor drainage channels. Note the character 
of other valleys, e.g. those of the little burns (streams) in the south-east of the 
map are hanging valleys: they are above the level of the main valley, and produce 
small waterfalls where their streams descend to the lower land. 

There are river terraces in the Feugh valley, showing that the stream has 
sometime flowed at a higher level. They are flat alluvial tracts above the present 
level of the stream, and out of reach of the highest flood level. They indicate 
that the river has deepened its bed since they were formed. 

There are also deposits of glacial drift left by the ice^sheet which once covered 
this region. Eskers or gravel ridges occur, but these are too low to be shown 
by the ordinary contour lines. The fact that this valley has been glaciated is 
shown by the U-shaped cross-secrion. The meandering stream denotes that its 
slope is slight. There is very little vertical coriasion, but in places there may be 
some lateral corrasion of the banks, which will be balanced by deposition else- 
where. Thus shifting of the channel results, and the drainage is indecisive. 
This indecision is less marked below Heugh-head, where the rock is probably 
harder and the slope steeper. 

The poor soil and the altitude of the uplands of crystalline rock explain the 
lackofscttlementthcre. Note the forest: consider whether the trees arc coniferous, 
deciduous or mixed woodland: if conifers, coimect with the climate. 

The contours show a good example of a tabular granite mountain south of 
the Dec, and marked b}' the re-entrant valleys of small tributary streams. Ec- 
entrants are also well shown in tabular mountains south of the Feugh, and illus- 
trate the steep-sided narrow valleys of immature drainage.' (See Chapter YI.) 
Such torrential valleys are quite destitute of human settlement. 


The Cheddar Regicn of the Mcndips 




XotP alpo the pcncral nbr'-iire of %‘illngos in tlic valley of the I'eiiph: thf 
incantlerinir Ffreain and the lik»’!ihood of flooding explain this. An exception is 
tljp vilinpe of Strachan, where the slope of the hichcr ground approaches the stoMin. 

5>'e\*eral roads converge on Banchory, which was an active market centre in 
th'* day? when niral fairs were more important than at present. Both the Deo 
and the I*euah arc bridged near Banchorj*, these bridg&s emphasising the nodality 
of this confluence to^vnship. Banchory is built on a southward-facing slope and 
proteetf-l frojn cold northerly winds by the adjacent hills: thus, it has developed 
info a health resort of some note. Banchory’s situation on a southward-facin:; 
slnj)o if. typical of Decsidc villages. The neighbouring heights arc well wowled. 
and the forests furnish mate.rial for timber industries. The region is mainly a 
farming one, the chief crop being oats. Tn* to explain this by climate and soil. 
•Some turnips arc gronm, l)oth sheep and cattle being reared. Suggest which arc 
more, likely to be p.i.<;turcd on the lower hill .slopes and which on the meadows of 
the I’Vuph flood-plain. ‘Such points cannot be deduced from the map, but are 
suggi-'tefl by it. 

Note such namc-s as weir, ford, bridge, mill, and associate them with the 
strc3!j:s. Note, too, how the roads and the railway line follow the valleys and 
the better drained lower land, but avoid the actual .strcamsidc. Explain tluj, 
jind f ou^ider wliy they do not follow the ridgcw.ay or climb the slopes of the. higher 
land. The sites of castles denote that the region ha.s had historical n.s.-ocintions. 

6. THE CHEDDAR REGION OF THE MENDIPS 

This map (facing page 32) in the north and east shows (1) p.irt of the Mendip 
Hill’, flanked on the western side by a portion (2) of the Axe ha-in. and (3) of 
the high'^r land of the Somerset plain. 

Th** Mendips arc a steep-sided smooth-topped plate.-iu with north-weit to 
south-east trend, and con-rist mainly of the porou.*! carboniferous limestone, the 
lower ground bonlering them being fertile red sandstone and mriris. 'Hjc Mrndip'. 
have nil the tj’jue.al features of a lime.'itoue region, such as c.avems, underground 
s!r<Tims, swallow hole-s into which surface stream’ di«apj)e.-ar and then P’apjHMr 
after an underground course, steep-sided gorge*, and .’carpe,! slnjje;!. The 
Clieddar caverns. cliRs, and gorge shown in the map are fnmou':, Note how 
rlorc the contours arc in the gorge, along which a road wind.’. 

The Chc'ldar Gorge, more than 400 ft. de^-p. has been cut in carhoniferou- 
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limestone. On the south side, the cliff is almost vertical, but in the north the 
slope is gentler and sometimes coincides with the dip of the limestone, that is, 
the slope at which the rocks are inclined from the horizontal. Throughout most 
of its length, the gorge is dry, but near the lower end a stream flows out of the 
rock. It°is suggested! that the gorge is mainly due to under^ound water, which, 
by enlarging fissures in the limestone and by the solvent action of carbon dioxide, 
formed a cave, the roof of which fell in. . 

In a limestone region like the Mendips, the water circulation is mainly under- 
ground. This is because (1) calcium carbonate is very soluble in water (originally 
rainwater) containing carbon dioxide, (2) a highly developed system of joints is 
found in hmestone rocks. The result is that joint-fissures develop on a large 
scale and assist the formation of caverns, lilce the well-known Mendip caves. 

The absence of surface water has a peculiar effect on the topography of 
limestone regions, because when there is a minimum of surface erosion, the 
limestone forms tabular hills or massive plateaux, often bounded by a steep 
escarpment like that of the Mendips. Such plateaux have thin soil, and thus 
possess poor agricultural value. 

Dry valleys are a feature of the Mendips, as in other limestone districts. They 
were probably formed during a period of heavy rainfall, possibly during or just 
after the Glacial Period. It has been suggested (1) that they were formed by 
glacial torrents when the rocks and soil were frozen, when it was impossible for 
water to sink into the rocks and give rise to springs, or (2) that either change of 
climate or uplift of the land, with resultant denudation of the neighbourmg 
surface, led to lowering of the water table, a condition unfavourable to spring 
formation. “Water table” indicates the upper surface of water which saturates 
a porous rock like limestone. 

The river Yeo, a tributary of tbe Axe, vrbicb drains into tbe Bristol Channel, 
rises from a spring in the scarp near Cheddar, but the scarp is singularly destitute 
of stream head^vaters, a great contrast to the chalk scarp of the Lincolnshire 
Wolds. The Mendip scarp, however, is considerably fretted by streamless re- 
entrants known as combes. The Yeo, like its parent stream, has in parts been 
canalised, a fact shown by straight reaches. The straight drainage channels are 
characteristic of a marshy lowland. The frequent occurrence of the word “ moor ” 
here, and the absence of settlement, emphasises the low economic value of the 
river flood-plain. 


^ Professor S. H. Eeynolds. 
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T]i» liich<‘r pvt'i* of the Momlipi have the flat-topperl fratuir.* nf n p1.iteaii, 
inl*-w.ri*il hy ieveral nanmr, i:trcam1e«5 vallcyF, which are utili-ed l»y mail's. 
The file r>f nil oM Itnman load 1? on the hipher prounil, fnllowine the practice 
of c.*irly tini".«. when m-nd** rlunp to the diy ridcewnvji and avoidnl the inat>hy. 
and often woo*lefl v.iUeys. Villapea nm absent from the Mendip upland. wh»'m. 
Iinwev'Tt them am imlatefl fnTni*i a* in the Lincolnshim olds. I^ack of water, 
ejin-pt fniiii wells, is larpcly m-iponsible for the ahwnee of villapc sites on the 
uplands. niedd.ir. Axlnid^. and three other fairly laipe villaces lie at the foot 
nf the •c.nrii on the fertile ml sancktonc. and mads nidiate from them northwards 
throiich the Mendip alleys as well as alone the warp border. Kaids and railway, 
like the villages, avoid the river, and the alluvium of its flond*pInin. 

In the south-wniit of the map, whem the sandstone and mark pive hipher land 
and fertile soil, tliem are several villages connecteil by lonpitiidinal and tiansven- 
mads. TIie«e are relatively laipe villapKi often spread out along a roa>l.^ 

This map pivea reveral contracts in repions and their economic signifirance. 
On the whole it leprmenta a farming di'-trict, enpaped in daityinp, mixed 
farminp, and fruit prowinp. The chief regions arc: (1) the platfMii and se.arp 
oftheMendips; (2) the Yco valley, roughly parallel to tins sear]); (3) the low 
plateau of the south-west. 

7. THE TEIQNMOUTH DISTRICT OP DEVONSHIRE 

The map given a* frontis|ncee is that of the Toicn estuaiy and the adpieent 
eoiintry. The estuary » a drowned valley of the ria type, and a spit has formed 
partly 'across its mouth, showing tliat deposition hy tidal rnirent.i haa be«n 
active. The narrowness of the paavpige from the so.! into the e.*tiinry and tlw 
pr<*enee of sandbanks and mud-hanks in the estuary nfrnnl evidence of thn 
relatively small erosive power of the river. At the head of the rituaty is mar'k 
land which k gradually lieing cxtendwl seaivards. Dr.-inape on this low innr.>h 
i' verv indecisive and i^ partly artifieial, includinp canal* with locks to counteract 
the tidal eifi^ct. 

Tlie relief k that of a plateau surface dL*>ertefl by strvam xmII'-jv op*'ninp on 
either bank of the estuary. These valleys arc narrow and s!ee|i..Md«*d; tl-ir 
rtri'.'imc’are ** wuthful," and in the valleys are more ranceniei with destnii-tive 
than constructive work, though they carry some debris into the e-tuary. 

Old red sand.«tone k the dominant ekment in the structure and pivei a rupp-l 
chanet'r to the topography. Thk rupcedn*.*.' k cmphaMie'l by cliff* along the 
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seashore. Close contours along the estuary sides mark the fairly steep slopes 
associated vrith a ria, though, especially along the northern bank, coastal flats 
have resulted from the preponderance of deposition over erosion. 

The economic life is largely centred around the estuary. Teignmouth is a 
seaside resort and a fishing port. K^ev'ton Abbot is interested in kaolin from the 
neichbouring Bovey clay basin, and manufactures the famous Devon fire* 
grates from “ china stone.” Much china clay is quarried near Neudon Abbot for 
export and is shipped from Teignmouth. 

There are several villages in the valleys vrhioh open on the estuary, but the 
chfi'-bordered coast has none, and on the plateau habitations are mainly in hamlets 
and isolated farms. Railway and main roads follow the coast and the estuary, 
but the plateau is no obstacle to roads of secondary importance. ^ Newton Abbot 
and the village Eingsteignton are fairly nodal, but the economic importance of 
the estuary is emphasised by the major routes alongside it as well as by the 
situation and nomenclature of the villages. The occurrence of the name Teign 
is significant: Teignmouth, Kingsteignton, Bishopsteignton, Combeinteignhead, 
Stokeinteignhead. 

8. HINTS FOR CARTOGRAPHICAL AND GEOGRAPHICAL 
DESCRIPTION OF A MAP 

In examinations, questions are sometimes set dealing with British Ordnance 
maps or similar foreign maps, especially French, German, and Swiss maps. 
Examiners may require a critical cartographical description of the map, or a 
geographical description of 'the area represented by it. A general geographical 
description may be asked for, or the description of some particular aspect, such 
as treatment of the physical or human geography, or parts of these, such as 
relief or drainage, settlement or communications. 

In a critical cartographical description the map should be described and 
criticised as a piece of map-making, but description of the area represented by 
the map is not required. It is necessary to consider for what purpose the map 
is primarily intended, and then to determine how far the methods employed to 
represent geographical facts have succeeded in giving adequate information in an 
easily legible form. The section in Chapter I. on the “ Problems of map making ” 
should be re-read, so that jmu will be able, after recognising these main problems, 
to consider whether they have been successfully solved. Suppose you have to 
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gh^e a cartograpliical description of a topographical map such as one of the 
Ordnance Survey one-inch series or a foreign map on the scale 1 : 50,000, If 
possible name the projection used, with a note on its suitability. This would 
- give a lead for reference to representation of latitude and longitude, to sheet-lines 
and any indication of relationship with neighbouring sheets, the use of a grid 
and its coordinates in relation to the scale. Such details concern the skeleton of 
the map, but very thorough examination must be made of the means used to 
represent geographical facts, especially the use of graphic and easily read con- 
ventional signs and of suitable and legible lettering. By suitable lettering we 
mean that which wiU emphasise some geographical fact in addition to identifying 
a feature or place, for example, different types and sizes of lettering to show the 
relative importance or the population in round figures of towns. You must 
describe and criticise the method of depicting relief, noting the limitations of 
hill-shading or hachuring, the overcrowding or absence of contours, the use of 
hypsonfetric tints and suitability of colours used. Criticise the use of colours 
for water features, roads, woodland and other vegetation, etc. It may be helpful 
to adopt some standard of comparison, for instance, comparison with another 
edition of the same scale Ordnance map, or with a similar foreign map. Such 
comparison should not be overdone, and might be confined to points where the 
map criticised shows marked inferiority. 

In a. general geographical description of the area shown on a map, carefully 
hold the balance between the facts of physical and human geography, using the 
former to explain the latter. It might be well to start with a division into broad 
physical regions as suggested in Section 2 of Chapter V., and then work ‘forward 
to the relief and physical features of each region, noting how these explain the 
location of settlements and communications. Is it desirable to introduce details 
of, say, geology, not shown on the map? Our answer would be, as a general 
rule, “ No,’^ though where the map shows intermittent drainage or dry valleys, 
we see little objection to referring to limestone. 


CHAPTER Vlir 


DISTRIBUTIONAL J\IAPS AND THE GRAPHICAL REPRESENTATION 
OF STATISTICS IN GEOGRAPHY 

1. DISTRIBUTIONAL lYiAPS 

In the development of modern geography, and particularly of the map as a 
geographer’s tool, the sketch map or diagrammatic method was largely used 
before more elaborate attempts were made to compile distributional maps-from 
actual statistics. Sketch maps usually have no quantitative basis, _ either of 
scale or of data, and are rarely more than attempts to give some visual sem- 
blance to what would otherwise be simply verbal description. At best they can 
be regarded as little more than notebook summaries or attempts to counteract 
the “wooliness” of too verbose descriptions. They can be very misleading 
when applied to distributional purposes. 

If the word “ ^vheat ” is written across the Canadian Prairie Provinces, it 
merelj' means that wheat is grown in certain parts of these provinces, and not 
necessarily everywhere where the letters WHEAT occim. On a map, to coloim 
a district yellow for wheat, green for tea, may give the idea that the country is 
tmiformly devoted to such crops, which is absurd. There may be lakes, deserts, 
or stretches of unfavourable soil, or there may be land too high to grow such crops. 
To write “ Slavs ” over a region may suggest that the people there are all Slavs, 
though there may be as many other people as there are Slavs. 

Distributional maps based on definite data have considerable geographical 
and educational value, but even their value is limited. The^ commonest 
■{;ypGs arc those indicating distribution of stock, crops, and population. During 
their compilation, it is necessary that certain physical maps /should be con- 
sulted, for instance, maps showing relief and soils, climatic maps concerning 
temperature and rainfall. The best distributional maps are but cogs in a wheel, 
not the wheel itself. The statistical facts conveyed by them may help the 
geographer to apply his arguments and to trace his ideas of cause and effect, but 
in themselves they are not geography. 

The statistical bases of such maps for England and "Wales are usually official 
returns of the Ministry of Agriculture, of the Board of Trade, or Census Returns. 
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2. THE DOT METHOD 


The dot method may be used for crops or stock or population when absolute, 
i.e. exact as distinct from average, figures are given. 

An outline map showing the political divisions such as parishes or counties is 
needed: this serves as the basis of the distribntional map. Tor guidance in 
placing the distributional data, a contoured map and a geological or soils map 
are required when a distributional map showing crops or stock is to be prepared. 
To assist preparation of a population map, an ordnance map showing town and 
village sites is desirable. The most carefully prepared distributional map cannot 
be other than approximately correct; however, there are degrees of approxima- 
tion, and it is possible to construct such maps to show actual conditions with 
reasonable approach to general accuracy if not as regards mmute detail. 

. We will illustrate the method by preparing a map showing the distribution 
of sheep in English counties south of the Thames. The statistics are Ministry 
(formerly Board) of Agriculture figures for a single year (1920), which were selected 
because the published acreage and live stock returns for that year give both the 
absolute numbers for each county as well as averages per thousand acres. The 
former will serve to illustrate the dot method; the latter will be used later (see 
page 80) for the shading method. 

The statistics used are given below- in a table which shows not only the number 
of sheep in the selected counties, but also the units of 5,000 sheep per county. 


County. 


Cornwall 

Devon 

Somerset 

Dorset , 

Wiltshire 

Berkshire 

Hampshire, esolusivo of Isle of Wight 

Isle of Wight 

West Sussex 

East Sussex 

Surrey 

Kent 


No, of Sheep. 


277,970 

661,071 

288,737 

216,162 

182,122 

78,800 

139,296 

23,650 

86,956 

161,768 

32,560 

670,984 


Units of 
5,000 Sheep. 


65'59 

132'21 

67*76 

43-03 

36*42 

15-76 

27-86 

4-73 

17-39 

32-35 

6*61 

136-99 


The first step is to decide how many sheep each dot’ shall represent. If the 
outline map is merely a tracing from an ordinary atlas map, it is not large, and 
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thus there must not he too many dots to produce a blurred effect. A convenient 
unit seems to be 5,000. (Fig. 26.) There are two or three counties where few 
dots are required, and where there caimot be much real distribution shown. 

Next, in each county pencil lightly the nearest figure indicating units of 5,000 
sheep. Thus for Cornwall 277,970 -f- 5000 = 55-59, and 56 should therefore be 
pencilled in (see the third column of the above table); similarly 132 for Devon, 
58 for Somerset, etc. The pencilled figures assist the placing of the dots and can 
easily be erased if desired. Before placing the dots a map showing the physical 
features should be consulted. 



Fig. 2C* Distributional T^Urs — The Dot Method, 
To show the distribution of Bboop in Southern England. 


Certain areas are obviously little suited to sbeep^ vrliile in others the flocks are- 
very important. The New Forest in Hampshire should he avoided when placing 
the dots, and regions such as the Weald, the Thames valley, parts of Surrey and 
Kent near London, should have fewer dots than the rest of the counties concerned. 
Such regions contain some sheep, but are more important for cattle-rearing and 
tillage. The chalk uplands, especially the South Downs, Avill show heavy sheep 
density, so will the Romney Marsh district of Sussex, the South Down and 
Romney Marsh breeds of sheep being types which have formed the basis of flocks- 
in New Zealand and other colonies. 

This broad differentiation of regions favourable or unfavourable to the com- 
modity being mapped is only relative on a county map, and is in no way so- 
reliable ns what is possible when the units are parishes or groups of parishes.. 
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However, it gives a truer picture of actual conditions than regular spacing of dots 
all over the county. Such regular spacing is more comparable with the shading 
method, the limitations of which are noted on page 80. Compare Kgs. 26 
and 30. 

When .working on a map where the boundaries of parishes or groups of parishes 
are outlined, it is relatively easy to avoid assigning heavy density to unsuitable 
physical features or poor soils, but when counties are the smallest units, this 
is more diflScult, especially on a small-scale map, where it is not easy to distinguish 
between the various geographical factors operating in so large an area as even a 
small county. It is ob^dous that in any particular county there can be no 
absolutely even distribution of, say, wheat or sheep. Most counties have con- 
siderable varieties of soil, and many have varieties of climate and relief. Such 
differences react upon the distribution of any commodity. 

From reasonably large-scale physical and geological maps it is not difficult to 
identify areas where there will obviously be sparse distribution of crops or stock. 
Limestone or chalk uplands would normally show greater density of sheep than 
would be assigned to well-drained riverside meadows or to coastal plains such as 
the marshlands of East Lincolnshire or North Norfolk. The latter are more suited 
to cattle. . Physical features must be carefully noted. For instance, in mapping 
the crops of Norfolk, the BfSads must be avoided. In mapping crops for Cumber- 
land, the mountains and lakes must be avoided; symbols must be concentrated 
in the Eden Valley and on coastal plains. 

Even when the outline map shows only counties, it is possible to mark lightlj^ 
in pencil where there is likely to be sparse distribution of crops, for instance, where 
mountains, lakes, or marshes occur. On such generalised maps, even when 
negative influences are eliminated, it is not feasible to compile anything more 
than an approximate generalisation. Commodity maps are of relatively little 
utility if they do not convey a quantitative conception, but they must also be 
qualitative in the sense that they differentiate between various areas where a 
particular crop or kind of stock is, or is not, extensively raised. 

The preliminary elimination of negative regions, if we may so term them, 
will leave others where the dots can be placed, though rarely in uniform density. 
In Norfolk, after eli min ation of the Broads, the alluvial meadows of the Wensum 
valley, and* the sandy Breckland of the south-west, more importance should be 
attached to the fertile loams of the north-east than to the heavier clays of the 
centre when reconnoitring ” before distributing the dots on a wheat map. 
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Ukits for the Dot Method. — Care is necessary in selecting a suitable unit 
to be represented by each dot. There will be fewer cattle than sheep per 1,000 
acres, and therefore this must be borne in mind when selecting the unit. For 
cattle, one dot might represent 25 or 50 according to the scale of the map. For 
sheep, one dot might- represent 100 animals. For acreage of crops, similar dis- 
crimination must be observed. A very heavy crop, such as wheat in the Fens 
or East Anglia, must have dote to represent more acres under cultivation than 
would be used for a less common crop, such as sugar beet or hops. The dote must 
not be so numerous and so small as to be read with difficulty. We must avoid 
a unit which causes the dots to give the effect of a continuous blur, likely on a 
small-scale map if they indicate too few animals. On the other hand, if they 
indicate too many, the distribution may become too generalised and of little 
quantitative value. 

The blurred effect is often noticeable in textbook reproductions of a map 
from official sources, such as year books. The map was prepared on a reasonably 
large scale, and the dots were -quite legible not only on the original but on the 
officially reproduced copy. Permission may be given for reproduction of the 
latter in some textbook or journal, possibly on a smaller scale, and then the dote 
become less legible. 

The other extreme sometimes occurs when the dot method is used for world 
distributional maps. Such maps, possibly drawn on an equal area projection like 
Mollweide (see page 150), are necessarily on a small scale. For the sake of legibility, 
few dote must be used, and thus a very big unit is necessary. If, as is sometimes 
the case, one dot is made to represent 100,000 sheep, only very generalised dis- 
tribution is possible, and some small countries where sheep are reared may not 
find a place on the map. However, such diagrams are not without their uses if 
they are regarded as infficating the relative importance of sheep-rearing countries. 
Their practical geographical utility, however, is only small if they are not examined 
in conjunction with climatic and vegetation maps. 

Uses of the Dot Method. — The dot method can be used for many more 
purposes than would be possible with the shading method. (See page 80.) In a 
map of the coalfields,^ dote can represent the sites of collieries, the size varying 

^ Ufiod in Korlh England by Professor Rodwell Jones, and in an article by him on “ Commodity 
Maps ’’ in the Spring 1922 number of the Geographical Teacher, This is a very valuable article, 
to which the present writer is indebted for ideas. 
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according to the number of men employed. Such figures are not always 
easily obtainable, but they are often the only ones available. It is not 
possible to obtain accurate figures relative to production. The number of 
men employed underground in the various pits can be gathered from Govern- 
ment figures pubUsbed in Lists of llines, but are of questionable value in 
estimating output, owing to the varying difficulty of working seams of 
different thickness. ,In preparing a map of a coalfield, outcropping cpal- 
measures can be shown by colour wash or by stippling. Known concealed 
coal measures can also be suitably shown. It must be realised that such 
indications are merely incidents in a geological map, in no way absolutely 
indicative of output or of potential reserves. The pit, whether working or 
closed, is the unit of the coalfield, and the value of the dot method is 
evident in this connection. However, not only is it desirable to Icnow the 
relative output of pfe and the number of men employed in them; it would be 
equally desirable to map the depth of seams and any geological data, such as 
folding and faulting,^ which affect ease in working and the possible use of cutting 
machinery. "V^Tiere there is much faulting and folding it is very difficult to use 
cutting machinery. 

In the United States, figures relative to coal production for certain counties 
are available, and the American county is a sufficiently small unit to enable an 
economic-map compiler to make reasonably satisfactory maps to illustrate coal 
production. 

Dots can indicate the sites of fairs or of markets- in an agricultural region, or 
of co-operative factories in a dairying country such as Denmark. Various sized 
circles, which are adaptations of the dot method, can be used to denote utilised 
and available hydro-electric resources^ in a country Idee Sweden or Finland. 
In these cases, where it is obviously necessary to indicate absolute figures, the 
shading method is not suitable. ' 


^ Folding occurs when rocks aro crumpled into a series of ridges and furrows. A fault is a 
fracture which causes rocks to slip out of their normal position. 

- Used in a paper on ** Tho Livestock Markets of England and Wales,** hy R. E. Dickinson and 
H. C. K, Henderson, published in Geography y September 1931. 

2 Used in The New World by Dr. I. BovNunan to show tho water-power, resources of Sweden;, 
and hy Dr. H, A. Matthews in ** Notes on a Water Power IMap of Eastern Canada,’* published in. 
tho Summer 1923 number of tho Geographical Teacher^ 
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3. THE SHADING IViETHOD 

The shading method may sometimes be useful for crops and stock 'U’hen 
average figures per unit area are given. According to this method, distribution 
is shovm by different tints of colour layers or by distinctive methods of black and 
white shading. Such methods may be found suitable where only average statis- 
tics are available, for example, so many cattle or sheep per 1,000 acres, or a 
percentage area imder, say, wheat. If the dot method is used in such cases, it 
may not be realised that the maps are concerned with averages. Hence, a small 
area with high density may appear more important than a larger area with 
moderate density but producing an appreciable total of the stock or crop in 
question. 



UNDER 100 PER 1000 ACRES 

100 - 200 ■»* »’ 

200-300 w » fi 

300-400 « ” « 



Fig. 27 . Key to Shadino used ix Figs. 28 , 30 , 31 . 


The wealoiess of the shading method, whether for averages or absolute figures, 
is that distribution appears uniform over the whole area. In the distributional 
map of a county or large island, no account can be taken of waste, or relatively 
unimportant, land, such as desert or moorland, where, probably, no crops at all 
are grown. The shading method gives the impression that, say, wheat is as 
important in such areas as in the rest of the region. A compromise might be 
made by placing some symbol where such lands of negative value occur, and by 
noting that they do not really affect the density. This device, however, lacks 
concrete reality, and would not be easy to follow in reading the map. 

If the shading method is followed, the basis, as in the case of the dot method, 
is an outline map of administrative divisions for which statistics are available, 
-c.r/. counties, parishes or groups of parishes. Suitable units must be selected, 
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fnr oattle sav under 100, 100-125, 125-150, 150-175, 175-200; for sheep, 
under 100, 100-200,’ 200-300, 300-400, etc,, per 1,000 acres. _ A key to the shading 
is constructed similar to Fig. 27. If colour is used, it is well as far 
possible to select tints 


as 


of one colour rather 
than to employ- several 
colours. If provision 
must be made for many 
differcntfigures, varying 
tints of similar colours, 
such as brown and 
yellow, might be used, 
the darkest tint for the 
highest density. 

It is a good plan to 
pencil lightly the figures 
in each division. This 
prevents mistakes, and 
the figures can be easily 
erased when the map is 
finished. Compare the 
map (Fig. 30) showing 
sheep distribution fpr 
certain counties with 
that made by the dot 
method (Fig. 26) for the 
same counties. 

The map shown as 
Fig. 28 makes use of the 
Petty Sessional .Divi- 
sions of Lincolnshire. 
These are combinations 
of parishes, and were 



Ke. 28 . -Distoibutional Maps-The Shadiko 

To show the distribution of sheep in Lincolnshire. 




M. P.G. 
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returnsoflihelhluustayofAgEicultuie. Faiisli statisticsaienotpubli^ed separately 
and can only be obtained by ^edal arrangement ^th the Ministiy. They are best 
for a map of the whole orpartofacoimty, as more accurate results are posdble in 

a map where parish 
statistics are used for 
the shading method. 
A map based on Petty 
Sessional returns is a 
compromise, as such 
divisions may not 
readily coincide with 
physical regions. In 
Lincolnshire it is 
possible to correlate the 
physical regions with 
these divisions with 
some measure of suc- 
cess. Pig. 29 diows ■ 
Petty Sessional divi- 
sions, with sheep per 
1000 acres. 

The main natural 
regions of Lincolnshire 
are the hlarsh, alrirting 
the Humber and the 
North Sea; the Wolds; 
a low boulder day 
plateau between the 
Marsh and the Wolds; 
the hGd day Vale west 
of the Wolds and eastof 
the limestone uplands 
whose scoip is known 
as the Lincoln Edge; the Yale of Trent; the Isle of Asholme; the Fenland. 
The Petty Sessional Divisions are suffidendy distmetive to enable us to gauge 
that Fig. 28, constructed fix>m their data, emphasises a distribution of sheep 



Fig. 20. Distributional ^Iats. 
Data for Fig. 28. 
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broadly representative of the natural regions. Thus, there is greatest sheep 
denaiy on the Wolds, the boulder day plateau, and parts of the Mardilandsj 
least density on the drained Fenland and the Isle of Axhohne. 



Kig. su. JOisTSiBUTioiTAL Maps— The Shabxmq Mexbod. 

To show tho distribnlion of sheep in Southern England. (Avenige.) 


The following figures as an average for a period 'of years and (6) for a 
single year, on which Figs. 30 and 31 are based, are instructive in emphasising 
certain defects of the shading methods 


District 

(a) Average. 

(6) 1920. 

Cornwall ... 


mrnm 



mmm 


619 

465 

Devon ... 


mmm 



mmm 


709 

669 

Somerset 





mmm 


620 

364 

Dorset ... 





mmm 


660 

476 

Wiltshire 





mmm 


598 

285 

Berhshire 





•mm m 


418 

232 

Hampshire, exolnsive of Ide of Wight 


•mm 


466* 

235 

Isle of Wight 

■■a 

mmm 

mmm mmm 


• mm 


42f>* 

343 

West Sussex 

■■■ 

• •• 

... ... 


mmm 


624* 

319 

East Sussex 

mmm 

•mm 

... ... 


mmm 


646* 

467 

Sum^ 

•mm 

mmm 

... ... 


• mm 


211 

185 

Kent 


mmm 

•mw mmm 


mmm 


1248 

963 


Average is per 1,000 acres of crops and grass, and is for three years 1911*13, 
except the administrative “counties” marked for’ which the> average is for 
two years 1912*13. 
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Compared witli Fig. 26, which is based on the absolute number of sheep in 
each county according to the 1920 figures, the shading method map shows an 
apparently equal distribution throughout a county, includiiig areas like the Now 
Forest, where there are few sheep. To appreciate the shading, it is necessary to 
\'isnalisc the significance of the different shadings shown in the key (Fig. 27), 
and this is less easy than studying well-placed dots. The figures for 1920 are 
considerably lower than the averages, but the relative importance of the various 
counties as regards sheep is about the same. Owing to arrangement of the scale, 
Devon in the average map seems as important as Kent. This is not so, and if 



Fig. 31. DisTBimmoxAi. Mats— T aa 'Shadiko Method. 

To Bhonr the distiibntion of eheep in Sonthem England. (For 1020.) 


one or two other shadings had been added, such as for over 800 or over 1,000, the 
prominence of Kent would have been more marked. 


4. POPULATION MAPS 

Statistics for a population map are obtained from census returns. Like crop 
and stock maps, population maps may represent either the number of persona 
per unit area or absolute figures derived from the actual population of towns and 
villages. In the former case, the shading or colour layer method is generally 
used; in the latter, use is made of the dot method or of some other type of symbols. 
In population maps the shading method has the disadvantage of giving a sense 
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of uniformity to tlie distribution, mid takes no account of the actual site of 
settlements. The average for unpeopled moorlands like those of the Pennine 
plateaux is apparently the same as that for the more fertile dales with their 
villages and small market 
towns. This misleading 
uniformity i^ very 
apparent on small-scale 
maps, where it is not 
possible to make any 
distinctive symbols for 
towns. 

The dot method, if 
the scale of the map is 
sufficiently large, and if 
a suitable unit is assigned 
to the dots, is more defi- 
nite and more graphic. It 
has a concrete aspect, for 
we are dealing with the 
actual number of people 
and with actual sites. The 
best basis for a popu- 
lation map where the dot 
method is used is a one- 
inch or half-inch Ord- 
nance map on which the 
sites of villages are ^own 
with reasonable clarity. 

The general location of 
habitations and .the sites 
of churches are shown, 
and dots can be placed 
to coincide with these. 





Kg. 32. DisTHiBunoNAii Hats — The Dot Kcthod. 
To diow tho population of Lincolnshire, 1801. 


comciae wiwi luese. , 

Itisimportanttoseleottlieunitcarefally. Fotarnral axea,adotmiglitrepresent 
a hundied, or peiliaps two himdted, people, according to the ^e of the villages. 
Th pgft dots are put where the habitations occur, and it is possible to- distnbute 
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them in a fairly accurate way on a large-scale map. "When preparing a skeleton 
tracing liom the Ordnance map, it is well to pencil-in lightly the habitations. 

The pencilled marks can 
afterwards be erased. If 
the area is mainly urban, 
or if any large towns oc- 
cur so as tomakeit impos- 
sible to use the normal 
sized dots, other symbols 
must be used. Dots of 
varying sizes might 
represent places with 
1,000, 6,000, or 10,000 
people, and fecial sym- 
bols such as squares 
or diamonds might be 
used for large towns. 

A combination of the 
dot and shading methods 
is possible if we employ 
uTiading for averages 
without the inclusion of 
towns of a certain size, 
say those of 10,000 or 
20,000 people upwards, 
merely using certain 
symbols for these larger 
towns. This method is 
possible for an area 
mainly rural, but with 
a few fairly large towns. 
It could be applied to 
Lincolnshire or Kent. 
(Kg. 33.) 

A'ofc. — Fie. 32 is based on tho census for 1801» Fig. 33 on that for 1021. Tho 1801 figures 
TTcrc chosen because tho population was then essentially rural* 



Fig. 33. DisTRiBimoxAL Mats-— The SsAsem IIeibod. 

To show population of Lincolnshire, 1021. Towns are not 
included inden^tyshown byshading. A black dot indicates 
towns of 10,000 to 20,000 inhabitants ; a black square 20,000 
to C0,000,andoTcr 60,000 if names arc underlined in addition. 
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Some population maps ate constructed on a principle similar to a combined 
contoured and colour-layered relief map. On the map lines known as isopleths 
pnaa through places with the same unit of population, e.g. hundreds, thousands, 
etc., according to relative density in the region, and in principle resemble contours. 
Sctw’ccn the isopleths various tints of selected colours give the layer effect. This 
method is used for the O.S. population map of Great Britain on a scale of Ifil 
based on the 1931 c^us, and it must not bo confused with the shading method. 
In the latter the boundaries of the various kinds of shading are those of a parish 
or other political division, but in the isopleth method the isopleths are the 
boundaries of various colour-layer tints. 

5. LIMITATIONS OF DISTRIBUTIONAL MAPS 

Distributional maps are frequently important visual aids in grasping general 
ideas. It would be very difficult to gain such ideas from n\ere columns of figures. 
However, there is danger that any distributional map may be taken too literally. 

Tlic value of statistics varies greatly. Distributional maps for crops and stock 
haveonly limited value, whatever statistics are used. The Ministiyof Agriculture 
returns arc for the whole year; they are supplied by individual fanners, whoso 
returns are then grouped according to parishes. But in many parishes cattle 
are pastured during the soinmer and sent elsewhere to be fattened in fold-yards 
during winter. To give a truer picture, winter and summer stock maps would 
lie desirable, but this is impossible, because such seasonal figures ore not available. 
Humbcis vary greatly from year to year, and a map founded on a single year’s 
figures may not be in accord with normal conditions. Hence, it seems that from 
.some points of view, maps might be better if based on statistics for an average 
term of years, say five. This would counteract any abnormal conditions due to 
an exceptionally good or bad year for crops or stock, and to some extent would 
allow for the effect of crop rotation. Averages may give a sense of artificiality 
and lack of reality, but to some extent this can be counteracted by special maps 
for abnormal years. 

Population maps are based on census returns which are made once in ten 
years, and which for some districts may be misleading. Census figures for public 
institutions, barracks, holiday resorts, dormitory villages or suburbs, have obvious 
limitations, and deal with abnormal distribution of population which has little 
economic or geograpWcal basis. A dormitory suburb or village is where workers 
in a city or industrial centre live and sleep, but their numbers have not the same 
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signiiicaticc as though they ’were counted \rhere they work. People livings 
possibly temporarily, in barracks or public institutions such as prisons or asylums, 
are of no economic importance to a district, and merely swell the population 
artificially. 

Population maps compiled to represent so many persons per square mile, 
and prepared on the colour-layer or shading method, can be more misleading than 
similar maps for stock or crops, misleading as these often ate. O^iis is particularly 
the case when figures for several large towns are included in the average densities, 
or when a densely-populated district and an area of little economic value occur 
in the same administrative unit and jointly affect the average. 

The only reliable distributional maps are those (1) based om wisely selected 
figures, whose accuracy and reliability have been carefully checked; and (2) com- 
piled in correlation with the physical, and, if necessary, with the weather or 
climate map. 

Advanced students may with profit consult the Ordnance Survey Agricultural 
Atlas of England and 'Wales. The maps are compiled on the dot method, but 
only for a single year. They arc r§ductions of a map based on large-scale county 
maps showing individual parishes, the statistics used bring for such units. Thus, 
the data arc sufficiently detailed. The maps are on transparent paper, and in a 
pocket at the end of the atlas are relief, laii&fall, and geological maps to use with 
the transparencies. 

Comparison of the first and second editions of this atlas will show how maps 
based on figures for single years differ. 


6. THE USE OF STATISTICAL DIAGRAMS IN GEOGRAPHY 

Climatic statistics form the basis of various types of maps. Mean monthly 
temperature, mean monthly pressure, form the basis of isotherm and isobar 
maps, for vrhich purpose they arc reduced to sea-leveL They represent average 
conditions, whereas the ordinat}* weather map represents actual conditions at a 
given time. Mean monthly, mean annual, and mean seasonal rainfall figures 
form the basis of rainfall maps. 

The practical construction of such maps resembles that of contoured maps, 
the figures for the ^*arious meteorological stations corresponding to the spot 
heights. In addition to their use for climate maps, temperature, pressure, and 
rainfall figures arc used for curves and other graphs. 
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Apart firom thdr use for distributional maps, statistics give the raw material 
for graphs which arc used for comparative pm^oses. A curve can show the - 
relative number, say, of sheep in different counties or countries, the number of 
acres under a particular crop in different regions, or the relative acreage under 
different crops in the same region. Such comparisons can also be mdde by the use 
of lines of different lengths, or figures, such as oblongs and drolcs, of different area. 
Similar methods, both curves and figures, can be used to compare ^e value or 
volume of a country*8 exports and imports, or for almost any quantitative purpose. 

The idea of statistical diagrams is to show at a ^nce the significance of the 
statistics without reference to the exact figures. Such diagrams, however, present 
the facts approximately. In comparing the population of different coimtries, we 
generally talk of millions, and therefore a diagram constructed for tlus purpose 
will show the nearest figures to exact millions, or possibly to half-milhons in the 
case of smaller countries. The population of England and Wales according to- 
the 1931 census was 39j947,931, and recent figures for New Zealand show a popu- 
lation of 1,461,000, but for the purpose of graphical representation, these figures 
could be reckoned as 39-9 or even 40, and li millions respeotivdy. If large 
populations, such as those of India and China, reckoned to be about 350 and 420 
millions, respectively, are included in a comparison, spine further reduction would 
be necessary. In such a case^he umt might be ten milhons, and so the propoirtion 
for 17.ngliind and Wales, India, and China, woidd be 4, 36, and 42, respectively. 

Thus we see that preliminary adjustment of statistics is necessary. Examples 
of such adjustment i^l be given in the following paragraphs. 

In addition to the adjustment of the statistics, it is necessary to examine the 
latter carefully in relation to the size and scope of the proposed diagram. To 
make tliis clear, we will consider some of the types of diagram usual in connection 
with statistics with geographical bearing. 

The following table, showing acreage under beet in Great Britain for certam 
years, will serve as a basis: — 


7ear 

Acraage 

Year 

Acreai^ 

1924 

22.037 

1927 

232.018 ; 

1025 


1028 

178,047 

1026 

120.463 

1929 

230.653 . 
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Sucli numbers might be represented by any one of the following ways: (1) by 
a curve showing fluctuations from year to year and similar in principle to 

temperature curves; (2) by strai^t 
1924 1925 I92& 1927 1928 1929 of lengths proportionate to 

““““ ' ' ' ' • • • numbers; (3) by rectangular 

figures proportionate in area to 
the numbers; (4) by sectors of a 
circle, the angle opposite the arc of 
each sector being proportionate to 
the numbers. 


Example 1. Squared paper is 
used for the curve. (Fig. 34.) 
The vertical scale represents quan- 
tities, the side of one small square 
' representing 8,000 acres. " Time ” 
is conveniently measured horizon- 
taUyalongthebase-line. Horizontal 
distances enable a scale of years to 
be read, and in this figure, intervals 
of four squares have been used 
between each year. Zero gives the 
base line, as the first vertical read- 
Fig. 34. ing wiU be only a short distance 

away firom zero. 

The statistics are adjusted to show the nearest numbers representing 8,000 
acres, the actual acreage being divided by 8,000, giving for: — 


Tear 

Units of 8|000 

Year 

Units of 8,000 

10^ 

2-8 

1027 

29-1 

1026 

7-0 


22-3 

1026 

16-2 

1920 

28-8 


We bepn the diagram by marking on the vertical line representing 1924 a small 
dot rather more than half-way along the side of the third amnll square fiwm 









The Use ef Statistical Diagrcma in GeograpJ^ 


91 


zero. (Fig. 34.) On the 1925 vertical line we make a dot 7 squares from zero. 
Similar procedure is observed for the other years, and the various dots on 
the vertical lines are connected. 

Though termed a curve, this dia- 
gram consists of straight lines, 
which are desirable to denote the 
drop from 1927 to 1928, and the 
rise from 1928 to 1929. ■ 

In this diagram it was possible 
to take the base-line from zero, 
as the first reading was not many 
squares above zero, and the 
highest reading required less than 
30 squares above zero; thus, a 
diagram of convenienb'size and 
with reasonably large scale was 
possible. It is always desirable 
to draw such diagrams on as large 
a scale as the paper permits, and 
scale can usually be gaugecL by 
careful consideration of the base- 
line, which riiould be as near as 
possible to the lowest figure in the 
statistics. If the lowest number had been that for 1926, the base-line mi ghh 
have represented 120,000. 

Eza^i;e 2.— For a diagram where the proportions are indicated by straight 
lines, we mi^t use ^ inch squared paper and take as our unit 4,000 acres, naing 
5-6, 14*0, etc., as our figures, each 4,000 acres bemg represented by one-tenth of an 
inch. Thus, nearly inch would represent figures for 1924, 1*4 in. for 1926, etc. 
Or, we might take 20,000 acres, represented by 1 in., as the basis, and draw linpa 
of 1*13, 2*81; 6‘47 in. respectively. Generally, in preparing such statistics for use 
in the diagram three significant figures are considered. 

Example 3.— For rectangular figures, one small square might represent 
400 acres. (Fig. 35.) 


ACREAGE UNDER BEET- 
ONE SNIALI. SQUARE REPRESENTS 400aCREa. 
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Example 4.— The “ -n-heel diagram,” 
as it is called, also gives the actual sense 
of area. It is made by drawing a circle, 
at the centre of which are made angles 
proportional to the acreage, (h^g- 36.) 
'rTiis is done by considering each year’s 
acreage as a fiaction of the total acreage 
for the series of years. These ftactions, 
when applied to 360°, i.e. a cirde, give the 
nnglffs for the various sectors. Such a 
diagram only shows proportion, and not 
the actual acreage as shown by the curve 
or straight line. 

If a circle be divided into 100 parts, it 
is eaq^ to adopt method 4 for percentages. 

6. USES OF VARIOUS TYPES OF STATISTICAL DIAGRAMS 
The type of diagram noted under (1) is largely racd for climatic purposes, such 
as representation of temperature and rainfall statistics. Mean ibonthly temper^ 
ature and mean monthly rainfall can be eatily shown. In such graphs the months 
form the abscissae, the temperature or amount of rainfall the ordinates. 
Temperatures are usually shown by actual curves. In rainfall dia^ams, 
the dots are often connected by straight lines, and are thus given a prominmee 
which is not dearable in the case of a curve. Such methods are appropriate, 
because temperature is continuous, while rainfall is discontinuous. 

The mean monthly temperature curve is useful in gauging extremes of tem- 
perature, Temperature curves for a single month as well as for a year are 
possible, each day instead of each month being marked horizontally along ^_the 
zero line. Similarly, temperature curves can be' drawn for hourly readings 
throughout any day. Monthly or daily pressure charts are m like manner con- 
structed from barometrical readings, but there has been considerable development* 
in self-recording instruments which automatically record curves of temperatures 
and pressures, and thus enable observations of maxima and minim a to be made. 

Mean monthly rainfall can be plotted absolutely, or as a percentage of the 
mean annual fall. The latter method shows at a glance the incidence of seasonal 
rainfall, and. is frequently employed in the diagrams of advanced books like 


ACREAGE UNDER BEET 
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Kendiew’s Climates of the Continents, and his Climate. The seasonal character 
•of rainfall is an important aspect of climate in relation to crop production, 
■and such diagrams are particularly useful in this respect. 

As a rule, -temperature and rainfall graphs should he plotted on separate 
The great difference in the vertical scale -woiad gmerally 
result in unduly cramping the temperature, though a compromise might be 
attempted by' placing the vertical temperature scale on the left of the 
diagram, and the rainfall scales on the right. Two or more temperature 
•curves may be plotted on the same diagram for comparison, but care 
is necessary to prevent confusion and some distinction is usually made, in _• 
the chaxactCT of the curve 
lines, e,g. continuous, 
discontinuous, or dotted. 

•Ruinfiill is sometimes 
•shown by lines on the 
plan of (2) noted on page 
'dl, or by blocks on the 
.same prindple. There is, 
however, no advantage 
■over the curve, and blocks 
take longer to draw. For 
a tingle station, a com- 
bination of temperature 
■curve and rainfall -line 
•on the same diagram 
sometimes mi^t be 
graphic. (Fig. 37.) Ver- 
tical scale for tempera- 
'ture would be reckoned 
•on the left and for rain- 
fall on the right of the 
-paper. In many cases, 

.however, such diagrams 
-would not be very clear, 

:and there is the disad- 
-vantage of having to read 



O K M A H JttJvA.S. O N O. 

MEAN MONTHLY PRECIPITATION * TEMPERATURE 
IN BERLIN _2ir_ and MiiNicti_"T;_ 35^2^ — 

37. Sco tables on fo11o\iing page. 
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two Bcales. A better plan is separate diagiaxDS. The rainfall graph might be 
made on transparent paper for supSeposition on the temperature if it is desired 
to read them in combination^ though there should be little difficulty in correlat- 
ing two ordinary graphs without superposition. 

The curve method (1) is useful for diowing statistics illustrating economic 
and human geography where the time element is; concerned. For instance, 
fluctuations in population of villages or towns '^own by a number of census 
returns, imports or exports for a series of years, output of coal mines or of oil- 
wells for a period. / 


Tabces raon which Cubves in 37 abh Flottsd. 

Bebxjn (Alt. 164 ft.). Munich (Alt. 1739 ft.). 


Month 

Temp. 

B 

Month 

Temp. 

I^pcp. 

■ 

Month 

Temp. 


Month 

Temp. 

Precp.j 

Jan. 

31*3 


July 

64-4 

2-7 

■ 

Jan. 

27-3 

1-5 

July 

63-0 

4-8 

Fob. 

32*6 

1-6 

Aug. 

63-3 

2-2 


Feb. 

30-4 

1-3 

Aug. 

61-5 

4-6 

March 

37-0 

1-0 

Se^. 

67-0 

1-7 


March 

36-1 

2-2 

Sopt. 

66-4 

3-0 

April 

46*0 

1-4 

Oot. 

48-2 



April 

46-3 

2-6 

Oct. 

46-0 

2-5 

May 

64*9 

1-7 

Nov. 

38-1 

1-9 


May 

63-1 

3-9 

Nov. 

36-6 

2-1 

Juno ! 

1 

02*1 

2-6 

Bco. 

32-7 

mi 

■ 

Juno 

59-7 

4-8 

Boo. 

28-6 

2-0 


Both are Central Enropcan types of climate. The altitude of Mnnioh largely accounts for its lower 
temperatures and causes some relief rain. Howereri it is rather more accessible to Atlantic 
influences than is Berlin. 


Methods (2) and (3) are useful for quantities when stressing the time element 
is not important, as for the relative proportion of different commodities in a 
country's total exports or imports. The circle method (4) on the whole is quicker, 
once the relative percentages or proportions have been reckoned, and is less 
cumbersome. 

Comparison of Figs. 34, 36, 36 will show the rdative advantages of the various 
methods. If we wish to stress the various years, method (1) seems best, if the 
acreage, perhaps method (4) has advantages, thou^ in this respect method (1) 
is useful. 

A^ofe.— Figs. S7-20f 32, 33, in this chapter, and F^. 26, are, with permission of Messrs. O. 
Boutlcdgc & Sons, Ltd., hued on diagrams in the writer's Eastern England, 
























CHAPTER -DC 


WEATEER MAPS 

1. EXPLANATION OF SYMBOLS ON WEATHER MAPS 

In the daily papers 'we usually see what is. termed a weather map, which 
Bummarises the e^ri ^ng weather conditions over the British Isles and Western 
Europe, and gives a forecast of weather to be espeoted during the next twenly-four 
Tirmra. In ’Ringlft-nd the official weather maps, on which ^newspaper maps are 
based, are issued by the Meteorological Office. This is a Government Department 
niiflAr the Air Minist^, and employs a staff of highly trained scientists whose 
iwork is to compile and interpret the weather maps and to study weather 
conditions generidly. 

The nfifinin.1 weather maps are very interesting, and thdr cost is not great. 
They are sent by post daily &om the Meteorological Office for a rdatively small 
subscription (6s. 6d. per 'i^uaiter, post &ee). In order to derive the greatest 
possible benefit and enjoyment £com perusal of these maps, careful study of the 
official handbook, The Weather Map, is recommended. 

An explanation of the various symbols used on weather maps is now given, 

Genurau 

Babousteb. Irobaxs are drawn for intervals of two millibaTS. 

Won). Arrows fly with wind. Knmber of feathers indicates Beaufort Borce.^ Note where 
faBU>Bized feathers ooonr. Calm is indioaied by diele onteide leather 87mbol^-^). 

XEBtEEBATUBS is given in degrees F. 

Wbasheb Symboms— O Clear sty. than ^ olouded. ^Shy -jcv A clouded. 

0 S^yA^A^^* ® O^eroastdiy. % BainfaUing. ^ Snow. ♦ Bleet. a Hail. 

= Fog. slUBst. T Thunder. S Thunderstorm. 

Sba. Bxsitubbaboe. Bough, Hi^. 

Baboueebxo Ceaboe isom 4h. to 7h. in tenths of nuUibars is entered beneath the temperature. 


^ Bee page 96. 
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The Beaufoet Wihd Soaeb 


Beaufort ' Wind. 

Ko. 

0 Calm ... 

■ •9 

Arrow. 

© 

speed 

m.p.li. 

0 

1 

Light Air ... 



2 

2 

Light Breeze 

aa* 

w 

5 

3 

Gentle Breezo 

aaa 

W* 

10 

4 

Moderate Breeze 

aav 


15 

5 

Fresh Breezo 

ava 


21 

G 

Strong Breezo 

a«a 


27 

7 

Moderate Gale 

■ ■a 


36 

8 

Fresh Galo ... 

aaa 


42 

2 

Strong Gale 

• ■a 


50 

10 

Whole Galo 

aaa 


69 

11 

Storm 

aaa 


68 

12 

Hurricane ... 

aaa 


above 

76 


(as revised Ist April, 1936) 

Conunonly Observed Effects of 
Coxzesponding Winds. 

Calm, smoko rises vertically. 

Direction of irind shoTm by smoke drift, bat 
not by irind vanes. 

Wind felt on face; leaves rustle, ordinoiy vane 
moved by vrind. 

Leaves and small twigs in constant motion; 
-wind extends light flag. 

Baiscs dost and loose paper; small branohes 
are moved. 

Small trees in leaf begin to sway, crested 
Tvavelets form on ixiland waters. 

Largo bronchos in motion; whistling hoard in 
telegraph wires; umbrellas used with 
difficnlty. 

Whole trees in motion; inconvenience felt 
when walking against wind. 

Breaks twigs off trees; generally impedes 
progress. 

Slight atmctazal damage ocours (chimney pots 
end slates removed). 

Sddom ex^lenced inland; trees uprooted; 
considerable structural damage ocours. 

Very rarely experienced; accompanied by 
wide-spread damage. 


BeAUFOBT NOTAnON AHD SYMBOLS FOB WeATHEB 


b, blue sky (not moro than a qnarter covered with 
cloud). 

be, sky partly doudy (one half covered). 

c, generally cloudy. 

d, drizzle. o, wot air. g, gloom, 
f, fog, visibility 220-1100 yd, 

F, thick fog, visibility less than 220 yd. 

fs, fog over sea (coast station). 

fg. fog on lower ground (inland station). 

m, mist, visibility 1100-2200 yd. 

h, hail. i, intermittent. 

jp, precipitation within sight of station. 

ks, storm of drifting snow. 

k/So, blight storm of drifting snow (ranerally low). 

K/S, heavy storm of drifting show (generally low). 

Bjkf slight storm of drifting snow (generally high), j 

S/k, heavy storm of drifting snow (generally lugh), i 

KQ, line squall. 1, lightning. I 

o, overcast sky. p, passing showers. | 


q, squalls. r, rain. 8, snow. rs, sleet, 
t, thunder. u, ugly, threatening sky. 

T, unusual visibility, w, dew. 

X, hoar frost. y, dry air. 
z, dust haze; the turbid atmosphere of dry 
weather. , 

h(r), “ hail or “ rain and hail.” 

Capital letters indicate intense; sni&x o indi- 
cates slight; repetition of letters indicates 
continui^: thus: B, heavy rain. 

Tqi slight rain, rr, continuous rain. 

< • less than (for clond height). 

0, Solar halo. (P , lunar halo. gale. 

With present wcathn is oombined, whenever 
possible, the general charaoter of the weather. 

A “ solidus ” divides actual o:d8ting weather 
from preceding conditions thus:— bc/r, fair 
weather after rain; — , has decreased; + 
has increased. 


26 
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2. IMPORTANT TERMS 

Before consid^g types of weather maps and their interpretation, it is well 
to note the.meaning of certain terms used in connection with such maps. 

Babometrio pBESSimE. — It has long been known that the air weight. 
Therefore it m^t press upon the earth, and the pressure at any point of thh 
earth’s surface is influenced by the quantity of air above. Pressure at the foot 
of a mountain is greater than at the top, but at sea-level pressure at 
places varies, as well as at the same place at different times. Such variation is 
assoeiated with changes of temperature, because the density of air is affected by 
temperature. Hence temperature readings find a place on weather maps. 

t 

Atmospheric pressure is measured by the barometer. The pressure of the 
atmosphere is the same as would be the pressure exerted by a layer of mercury 
as deep as the mercury column in the barometer is hi^. *It is usual to give the 
pressure of the atmosphere in inches or millimetres of mercury, and such are 
termed barometric readings. The density of mercury can be found, and it is 
easy to convert this into -unit of weight per unit of area. The average pressure 
at sea-level is 29-9 in., whidi represents about 14'7 lb. per sq. in. Formerly, on 
weather maps barometric pressures were expressed in inches, but now they axe 
indicated in “ millibars,” one thousand millibars being equivalent to 29‘63 in. of 
mercury. Conversion of inches into millibaxs or vice versa is a matter of simple 
proportion, for instance, 950 millibars = 28-06 in.; 1,060 millibars = 31-01 in. 

Isobars. — Isobars are lines of equal barometric pressure, being drawn through 
places where the pressure (reduced to sea-level equivalent) is the Hama , They can 
be compared with contours, the “ vertical interval ” generally being i miniWu 
which corresponds to about inch of mercury. Thus V.I. represents rise or &11 
of pressure' between two isobars. 

Baromexrio Gradient. — ^The barometnc gradient is the rate of fall of baro- 
metric pressure measured at ri^t angles to two isobars. The unit of TiaTriTnetnc 

gradient is a fall of ~ in. in 15 nautical miles. Thus, if isobars 30-1 and 30-3 
are 20. nautical miles apart (measured at ri^t angles to the isobars) the gradient 

^ 156 ^ ™ Ifl* Where isobars are 

ir. F. 0. '7 
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close together and the gradient is thus high, urinds are strong; where isobars are 
far apart and the gradient is low, winds are li^t. 

IsoTHEBMS. — Isotherms, or lines of equal temperature, are drawn through places 
having the same temperature when reduced to sea-level. On British weather maps 
temperature is reckoned in degrees Fahrenheit, hut the isotherms are not actually 
drawn, the temperature readings only being inserted on the site of each meteoro- 
logical station. Isothermmapsareassociatedwithclimatexatherthan with weather. 

IsoHVETS.— Isohyets, or lines of equal rain&ll, are drawn through places 
having the same amount of Tn.iiiffl.11 for a given period: month, season, or year, 
as the case may be. It is obviously impossible to draw them with any accuracy 
on weather maps which usually indicate the weather for a period of twenty-four 
hours. On weather maps, a ^edal symbol is used to show that rain is &lling 
at a given station, and other symbols are used to indicate to what extent the 
sl^ is clouded. There are also symbols for snow, hail, fog, and mist. 

IsALLOBABS. — ^These are lines drawn through places where the barometer has 
risen or fallen by the same amount during the preceding three hours. Inset maps 
showing isallobais are given on the weather maps, and are useful for comparing 
the barometric rise or fall at different places. 

CrcLONES AKD AimCYCLOi^ES.— A qrclone or depression (Fig. 43) is an area 
of low pressure air STirroimded by high pressure. An anticyclone (Fig. 51) is an 
area of high pressure siuxounded by low. A secondary cyclone (Fig. 53),' or 
cyclone within a cyclone, may be shown by a bend in the isobars on the edge of a 
cyclone, and sometimes there is a definite centre of low pressure in the middle of 
the bend, shown by a closed isobar. 

• 

A Wedge. — A triangular area of high pressure with pressure highest at the 
centre of the base and decreasing towards &e sides and .apex is termed a wedge. 
(Figs. 54, 55.) It is really a zone of high pressure between two depressions. 

A Y-Shaped Depbession. — The opposite of a wedge is a Y-shaped depression. 
(See Fig. 56.) It is a triangular area of low pressure with pressure lowest at the 
centre of the base and increasing towards the sides and apex. 

These pressure systems are referred to in more detail in subsequent pages, 
where their characteristic weather is analysed. 
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3. RAW MATERIAL OF THE WEATHER MAP’ ' 

A weaiiher map may represent conditions (o) at a given instant of line, e.g. 
the daily •n-eather map of Britain or the TJ.S.A.; (6) average weathra: over a 
period, 'e.g. over a month or year. Ifeps of the latter type deal •with climate 
rather weather, climate being the sum total of average weather con- 
ditions. Weather may refer to the state of the sky, e.g. cloudiness, rain, 
snow, mist, fog, etc.; the temperature and humidity of the air; vrind, its 
direction and strength, and, e^edally for aviation, visibility. Previous to the 
coTistniotion of a weather map, careful and lystematic observations of most 
of these items are necessary. In connection vtith such maps, there is a type 
of observation, not of actual •weather conditions, but important as a key to 
them, viz. barometric pressures. 

It was in 1860 t^t the first official observations were dealt with by the . 
Meteorolopcal Office^ which had been formed a few years ptevioudy. The first 
official weather maps were made in 1872. It was not u nti l the later part of the 
nineteenth century that results of observations •were received ficom stations in 
Central Europe. At the beginning of the 1914-18 War, results of fairly ^ 
observations were received, from the Azores, the continent of Europe, and sh^s 
at sea, and use was made of ■wireless telegraphy. The needs of aircraft, etc., 
made it necessary during the War ■to devdop more ■thorou^ observations 
of the upper atmosphere, and, as a result, considerable progress was made 
in forecasting. 

The most important countries of Europe, ■with the U.S.A., maintain many 
observing stations, which at the fo^ur principal hours in ■the 24, namdy 1, 7, 13, 
and 18, ymka observations, the times being fiired by international agreement. 
Results of these observations ate reported by ordinary or wireless telegraphy to 
the office in each country, ficom whicn th^ may be sent abroad. 

I 

4. OBSERVATION AND FORECASTING 

At the fixed hour, the trained observer goes out, notes the state of s^, the 
aTTinnTit. and type of doud, whether it is rainii^ or snowing, whether vi^ffiiy is 
good or bad; nlan the direction and strength of the ■wind (unless there is a ■wmd 
recorder); the temperature at the temperature screen. He examines the rain 
gauge, and measures the amount fallen; he reads the barometer or barogra;^. 
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All these results are transmitted by code. At the four hours named above, ships 
at sea tjil-p as many observations as possible, and transmit them by wireless, 
giving their position; these results are picked up by stations and sent to the 
Central Office. Twice daily, the U.S.A. sends a ivireless report of conditions in 
the U.S. and Canada. -Here are the essentials for making a map, presuming it 

• to be foimded on periodical 
observations. These ob- 
servations must be made 
andrecorded scientifically, 
i.e. instruments must be 
accurate, observations 
must be made accurately 
and simultaneously. 
Regular and ^eedy trans- 
mission of news to the 
Central Office is necessary. 
Also, there must be uni- 
formity in methods of 
observation. 

Forecasting largely de- 
pends upon knowledge of 
pressure lystems in rela- 
tion to the district in which 
the forecast is to be made. 
Three points mustbenoted 
by the forecaster: (1) It 
must be decided where the 
pressure system shown on- 
the map wiU probably move; (2) how the pressures may change during 
the period of forecast; (3) how the effect may cause modifications. 



AB E=s patli (in north-cast direction}* CD cs trough. 
(Sco also Fig* 45 for Trind dircctiouit etc.) 


5. CYCLONES OR DEPRESSIONS ' 

The isobsLTs of & cydone are roughly circular or oval, Tvith the isobars of 
lowest value, *.c. lowest pressure, inside. (See Fig. 38.) The size of cyclones 
varies greatly; and the height is relatively small. 
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Cyclones or D^esdons 

% ^ ft JUL 1 ' ^ 

S A^3?5lone is seldo^^iatiOTaiy, and it usually moves approximately in the 
Idirection of-the thus in N.W. Europe most cyclones travd in 


Ian (sstiwhrJfflecSon. The rate of movement is very variable, and it must be 


TSrefullv distmguislied from iihe y^odty of iihe imd in the tydone. The Twnds 
bloTT round the centre of the cyclone, but their vdocity is apparently not 
connected with the movement of the centre. 


Since a cyclone moves, it has a front and a ba^. A line drawn thiou^ the 
lowr'CT; pressure and at right an^es to the direction of movement is called the 
trough. The lowest pressure is usually not quite in the middle of the cyclone. 

Winds. Because the lowest pressure in a cyclone is near the middle, the 
winds necessarily blow inwards from all sides, but because they are deflected^ to 
right (in N. Hemii^here) they do not blow directly towards the centre. In 
the front the wind is mainly from a southerly direction, in the back from a 
northerly direction. 'The wind will be relatively warm or cold according as it 
comes from south or north. The winds are stronger at tfie back than in the front. 


The Polar Eront Theory. — ^For an understanding of certain of the weather 
maps given on subsequent pages, it is necessary to grasp the Pohr Frant Theory ^ 
generally used to .e^lain the origin and character of depressions. The 
theory asserts that masses of relatively warm and cold air are brought into 
contact. These masses axe known as polar and equatorial air, from their source 
of oridn. Polar air is cold and dry, equatorial air is warm and moist. These 
masses of air are held to flow in roughly parallel, but in opposite directions, 
respectively from N.E. to S.W. and S.W. to N.E. The line of separation is termed 
the polar front. Where the warm air blows against the cold stream is the warm 
front; where the cold air drives a wedge under the warm air is the cold front. 
The warm air, on meeting the polar front at ground level, rises over the cold 
air, and as it continues to rise, it cools and condensation of water vapour 
results, doud and then rain forming. When all the warm air has been lifted 
off the ground, the depression is said to be ** occluded,’’ and the line along which 
the worm air left the ground is called the line of occlusion. 

f 

The surface of separation does not stand vertically above the polar front, but 
rises with a gentle northward slope, so that some distance north of the front, 
worm equatorial air is found above the surface of separation at a heij^t of, say. 


1 In accordance with FerteVa Law. 


BVCL 
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5,000 ft. The two stEeams of cold and wann air do not mamtam the directions 
shown in Fig. 39. A bulge develops towards the north, the warm air pushing 
up into the cold, as shown in Fig. 40, where the dotted line represents approsimate 



(Theoretical idea, (conditions arc never stable.) 



is left on the ground it is present in 
interplay between warm and cold air 



position of the polar front before this 
movement took place. Warm air is 
lighter than cold, and so tends to rise 
above the latter, e^eciallyat the north- 
ward slope of the surface of separation 
referred to above. Along the warm 
front the warm air blows against the 
side of the cold stream and tends to rise 
above it. Along the cold front, the 
heavier polar air is driving a' wedge 
under the warm air, which is continually 
forced upward (Fig. 41). The warm 
sector thus decreases in size until it 
disappears, and the warm air has left 
the ground (Fig. 42). -The line {py) 
along which it left tiie ground is the 
line of occlution. Though no warm air 
the upper regions, and this process df 
continues, but with decreasing intensity. 



6. WEATHER ASSOCIATED WITH CYCLONES 
Weather in a cyclone is very varied. . It is often wet and stormy, but some- 
times fine, warm, and calm. A depression is seldom stationary; it moves generally 
W. to E., or rather S.W. to N.E. When the centre of tiie depression is considerably 
west of the observer, a halo is often seen round the sun, which soon is obscured 
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by tbickening cloud. The air is muggy, and rain begins to fell. The barometer 
fells as the centre of the depression approaches; soon it ceases to fall, and may rise 
again. When the centre is overhead, heavy rain with squalls is likdy; then a 
streak of blue dsy may appear low down on the horizon in the west. This 
indicates bright weather, but showers may occur at intervals. 

At first, there is a 'gentle south-easterly wind, becoming stronger, and veering 
to the south as the centre advances. When rain is steady, a southerly wind will 
persist, and may increase* to gale force. This wind changes in a clockwise way 
to N.W. when the trough line passes; the wind remains N.W., decreasing in 
strength as the depression moves away. The barometer ceases to fall along the 
trough line. 

Sec reference to the Polar Front Theory (page 101) for eii^lanation of some 
aspects of weather associated with cyclones. 


7. WEATHER ASSOCIATED WITH ANTICYCLONES 

Anticyclones show little enexgy in Europe, and often remain in one q)ot for 
days or weeks. * The weather is usually quiet; there are rarely strong winds in 
the centre. Pain seldom fells in a well-marked anticyclone; drizzle may occur, 
and a slqr is not essential. The two classes of anticyclones are (a) cloudless, 

(b) overcast. In summer the type (o) is more prominent, and associated with it 
is a succession of bright, sunny days; in the afternoon, there may be small clouds, 
which disappear by evening. In 'winter (6) predominates, but ■with little rain as 
a rule. 

Temperature decreases at the rate of 3° F. per 1,000 ft. for several thousands 
of feet, up to a point where there is an increase. "When this is reached, the 
temperature corre^onds to that at sea-level, but soon starts decreasing again.^ 
Air cannot penetrate where this decrease is taking place, and spreads out like a 
sheet of cloud. Hence visibility is often bad in a •winter anticyclone. "When 
smoke irom a city ascends it causes fog, which is a feature of 'winter anticyclones. 
Night radiation forms a fog, which is not affected by the sun’s feeble rays. Dull 
sides and fogs ate frequently associated ■with a winter anticyclone. The reason 
for nggnninting anticycloncs with good weather is due to the character of summer 
anticyclones, and the absence of rain in anticyclonic weather. 


^ Such decrease is known os inTcrsion of temperature. 


Other Pressure Systems 
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The inversion of tempeiatuie referred to ’above largely explains the small 
amount of rain associated frith anticyclones. Inversion makes the air more 
stable, and as Tiaing currents cannot easily penetrate such stable layers, there is 
a check on the cooling of air and consequent condensation of moisture. (See 
page 125 for causes of rainfall.) 


8. OTHER PRESSURE SYSTEMS AND THEIR WEATHER CONDITIONS 

The SEcoKDABy Depression. — This is a low-pressure system contained in a 
bigger one. Secondaries vary in intensity from just a slight bend in the isobars 
to a pf’stem that contams closed isobars with steep gradient and well-developed 
winds. They form in any part of a depression, but devqlop most on the southern 
side. They cause increased wind on the side furthest from the main depression, 
and have their own wind circulation apart from that of the main one. The 
easterly frinds on the north side are less strong than the^ westerly winds on the 
south side, and some of our strongest winds are associated with secondaries. 
This is because the centre o/ a primary depression is often north-west of Britain, 
so that we escape winds from the primary, but receive those of the secondary. 
Tiic southerly ^es in front, and the westerly gales on the south are strong and 
often do damage. The weather in a. secondary is similar to that of a primary — 
warm and cold fronts, giving clonds and rain. Secondaries ore the most common 
of depressions here; they often move anti-dookwise round a primary. 

The Y-Shaped Depression is associated with the warm or cold front of a 
d epression. If it is of the warm front, rain may be persistent before the depression 
passes, and may give place to mild, cloudy weather behind. If it is of the cold 
front type, it will cause clearing-showers with bright skies and cooler weather. 
The point of the Y is sometimes rounded, causing a trough of low pressure. 

Tmg Wedge. — This is a region of high pressure where the isobars take the form 
of an inverted Y. Pressure is hi^ within the Y; a wedge mostly projects north 
from a high-pressure area, and has lows to the east and west. It usually moves 
east with d^ressions and wears away. Wedges are usually regions of fine weather. 

The Coil.— a col is a central region between two highs and two lows. In a 
col, ore neither cyclonic nor anticyclonic, but it is a region of calm. 
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In \rinter, weather is calm and foggy; in summer, if the sty is dear, there may be 
thunderstorms. It is a kind of “ neutral " region. 

The above are general conditions associated with various types of pressure. 
The points emphasised, for instance, in connection with a cyclone or anticyclone 
are not all noticeable with every cyclone or anticyclone. They will, however, 
assist die interpretation of weather maps where, such pressure conditions pre- 
dominate. “When a map showing a cydone is esamined, it should be noted how 
far these general prindples are applicable. The depression may be moving not 
in the usual W. to B., or S.W. to N.E. direction, but possibly tom N.W. to S.E. 
Relief features may modify the conditions expected in a certain quadrant of the 
cyclone, e.g. rdief may increase the normal rain&ll in a quadrant not usually 

assodated with hi^ predpitation. 

If the daily weather map is studied it is a good plan to arrange under various 
lipnflinpB the maps as recdved. Eor example, put together all maps dealing 
with cyclones. It will thus be possible to compare them and to note the special 
features emphasised on each map. Eventually you will note the application 
somewhere in your set of oydode maps of all the general principles associated with 
cyclonic weather. 

The following maps, with the notes on them, illustrate typical weather 
conditions. By permission of the Director of the Meteorological Survey they are 
reproduced tom official maps in The Weather Map, to which acknowledgment is 
ako made for ideas. 

Figs. 44 to 64 inclusive and Fig. 67 are reproduced tom weather maps for 
dates before introduction, in April 1936, of revised symbols for wind arrows in 
connection with the Beaufort Scale. On the diagrams mentioned the original 
symbols are retained, namely twice the number of "feathers” on on arrow 
compared with the revised method. 




Fjg. 44. OsroLOKXo CoHmxioxrs. 

An June, 7 lu Abeltof nin extended round Wrsteni Scotland, with drlnla In South-Western Ensland. 
A warm firont wai aoxois Gentral Ireland from north-west to south-east. Ihls ftont was 
expected to travel north-east with the ffeneral air onrrent and to cany a belt of rain with It. 
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rig. 45. CvoLONio CoKDiTZOsrs. 

ISth Antnirt. t h. Thnnderr. 71ie air orer South-East Ensland must havo bf>en In tho neluhbonrhood or 
Iceland within th<k precrdtns Si hours. Then It would be reLitirelr cold In the upper lorers. and in 
it<« pas^'ure over the Atlantic the lower layers would be wanned by contact with the sea water, 
niui.by the time It renehcd Sonth-TTestem England a fairly unstable condition woold be reached. 
(Editions nec^ssiry Tor a thunderstorm would be fhlflllra, namely Instability and a plentiful 
supply «f warm vapour. 




Fig, 46. CroLONio Cokdixioks. 

St\i October. TIl An intense depression was dc^wlopInB over the Atlantic. In ISastm Ensland and 
Eastern Scotland strong winds fhmi Uie aoutli wen expeetedt with cloud fbllowcd by rain. Similar 
conditions, ^th sales, were anticipated In western districts. Bain would occur in Ireland followed 
by showers and brisht intervals, with cooler weather later, lliess conditions are typical of 
cyelonlo weather. ” ^ 
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Fig. 47. CroLONiG CosDinoss. 

nrd Mstfclt.Th. Oeclndf^depre^^lon fiUIns upi Fre«sureir» foUiDBon the north andnorCh^east aides oc 
tlie drpre««lon more sloirlr than 1 1 mui ristnff In the sooth. It was thus fllllne np as it ntored north* 
Tlie front was a line of ooeioslon rather than a tme wann ftont. This line of occloslon 
wnnld tnvel north with the flow of air, and the weather after its passase wonld be associated with 
polar rather than with equatorial air. It wonld thna he ahowerr, with liriffht intervals. 

no 








Fig. 48. AimoYOLOKio Condstioks. 

8th 3Inrch» Th. Kasterly weather. niRh iirrasarr to the north of the Brllleh Isles roto rise to cold 
easterly or north-easterly winds over this country. Little precipitation was likely unless 
cyclonic conditions dereloped orer the Bay of Biscay. 
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Fig. 40. AimoroLosao CoKsmoNS. 


Tth Mny, I lu Nortlicrlr tiralln»r. prc^«sare over tlie Continent and high prtMm nonth-WMt of 
Xcclanfl po!nt«^ to northerly iveathcr. Derelopment of n SnS 


S?cotlani! ei-cmcd possible, bnt ntredifc of high pressure bring fomed between IcelmU nnfl 
England IXenco tlie untlkellfao^ of much precipitation. The general inference was that cold and 
ratlicr unsettM weather would follow. 
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Fig. 60. AsmorcLOKio CoKBixiozra. 


12th Jnly, 7 h. Fine etimmer weather. It wae tiiousht that the ant icyclone tro gld 

dombiate (he weather over most irf England. Very irarm conditions were fbrecaat Ibr South-East 
Eofftand and the MldUndi* 


If. r. o. 
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61. AmnoroLOKxa CoNsmoirs. 
l?th Jolr. T li. Forecast of leven) dars* fina weaUier 
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. rig. 52. Aurroyoijozfia CoNDinoNa. 

mSepUmber 71u Autumn wattier, wltti foR and fhwt. Thewaaxenraswncrally flna. 
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Fig. 53. Seookdart Depbession. 

loth JftnnsiT, T h. An IntrnM necondury depression oO the Zlebridcs ins morini: npidly north- 
enst. The irind ms eipectcii to veer to the mst, nnd In Northern Scotland ■ temporary veer 
to the north-mst ms foiecast. Gales srere anticipated in most districts, but these were 
expected to moderate ihortlr. 
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Fig/54. Wedqe of High Pbessgbe* 

Ifith J&nn&rr.Th. Iho vedse of Ush preswe for tlie time beinir controlled the ™S”'*,^****ft5 
depression ^ras far ont in the Atlantic. ThctredireTO expected to crwtixc British IsleaMd to 
irlve only a short period of fine vreather, and renewid of nin assocuted srlth the Atlantic depMsslon ^ 
TTSE expected. 
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PIg.BG. Wedge OP Hion Pbessdbb. j-j V-shaped Detbessioh. 

(iStiB Piff. 64.) 






, Fig. 67. Ooii. 

Mav T h TTwiiaf fatn veatbOT is ossociftted witJi a ool. In tiliis case Wgli injaTOW irera 

nSr Iceland and beyond the Bay of Biscay, 

Hen The cenfxal nart dt the eol was over Konli Ireland. Variable yrinds were fonca^ 
precipitation was anticipated over Northern Scotland* where Icelandic anticyelona dominated 
Slsewhere some rain or showers were expected. ^ , 







CHAPTER X 

SOME POINTS ABOUT CLIMATE MAPS 

1. THE DIFFERENCE BETWEEN CLIMATE AND WEATHER MAPS 

There is consideiable difference between climate and weather maps. The 
weather map is essentially compoate, most aq>ects of weather being shown on 
one map, whereas the climate map is more specialised, being, as a rule, used for 
only one main aspect. 

Isobars are the most prominent features on the weather map, but no lines are 
used for temperature and rainfeU. Temperatures axe shown by numbers n^ 
the observing station, and are simlar to spot heights on a contouredmap. Bain- 
fall and' degree of cloudiness are indicated by symbols, and there are various 
symbols and letters for other aspects of weather. (See pa^ 95.) Thus, though 
a mn-ritniim of information is given on one weather map, it is not overcrowded 
as would be the case if isotherms and isohyets were used. Too few observations 
would be available for the latter, and quantity of rainfall is essentially a subject 
for averages, so on the weather map it is sufficient to indicate that rain was falling 
at individual stations. 

Ssparato climato maps ato goneially used to show tomporaturc, pressuro, and 
rainfall conditions, using isothrams (see page 98), isobars (see page 97), and 
isohyets (see page 98) respectively. The isotherms axe given on a separate 
mop, because to include isobars with isotherms would lead to confusion, though 
sometimes study of certain isotherms nmy help understanding of the isobars. 
Lojv temperature is often a due to high pressure, and high temperature to 
low pressure. It is better to study jointly separate isotherm, isobar, and 
rainfall maps drawn on the same scale and projection than to crowd too much 
on one map.* If maps drawn according to the same scale and the same projection 
arc used, comparison and correlation of the various elements of climate will be 
ea^. Arrows showing broadly the direction of the chief planetary winds can 
be combined with isobars, and would not be intelligible without the latter. 
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2. TYPES OF CLIMATE MAPS 

Isobar, isotherm, and rainfall maps ate constructed on the same principle as 
contour maps. The method is simple as long as observations from a sufficient 
number of stations are givra. In rainfall maps, after the isohyets are dra\m, 
shading or colour layering is often used between the lines. is logical/ as 
rainfall gives a concrete quantitative conception impossible in the case of tem- 
perature and pressure. The latter merely indicates the briiaviour of meremy 
in a glass tube, whereas rainfall is a tangible thiug. The colour, generally various 
tint-3 of blue, indicates, according to the yearly average, that, say, between 60 
and 60. or over 80 in. of rain have fallen in a specified region. fiSie same thing 
could be rend finm tlie isohyets alone, but shading emphasises the difference, and 
the darker shading enables us to identify the ^tricts of greatest rainfall. 

Belief has considerable infiuence upon rainfiill (see page 125), and to under- 
stand the rainfall map easily it is desirable at the same time to refer to a relief 
map. Altitude affects temperature and pressure, so before temperature and 
pressure maps arc made, the statistics are “ reduced to sea-leY'el ” in order that 
the resulting isotherms and isobars' may be less complicated. 

3. REDUCTION OF DATA TO SEA-LEVEL EQUIVALENT 

Beduction to sea-level means that certain adjustments are made to cause the 
figures to be as nearly as possible what they would be if the places of observation were 
actually at sea-level. ‘ Bate of fall of temperature with increase of height (known as 
temperaturegradient), variesfrom time to time arid in different places. The average 
of many observations has shown that in round figures 300 ft. may represent the 
ascent producing a drop of 1° F. For riiort distances, as we go up, for instance in 
certain Swiss vallc 3 ^, there may be increase of temperature, known astemperature 
inversion, but such a posribilify can be ignored in making temperature maps. 

Isotherms reduced to sea-levd give little information about actual tempera- 
ture conditions, except on lowlands or relatively low uplands. In Tibet and the 
high lands of central Asia, which axe 16,000 or more feet above sea-level, they 
give quite a false impression, Tibet in Jidy apparently having a hi^er, tempera- 
ture thnu the plaios of Norihem Lidia, which is quite contrary to the real facts. 
However, if the isotherms were drawn ftom un^uced temperatures, readings 
ftom many more stations would be necessary, especially in regions of diversified 
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relief. There would be a very enalac temperature gradient imless so many 
isotherms were drawn that the map would be overcrowded. By an erratic 
temperature gradient we mean unequal intervals between isotherms. 

Isobars reduced to sea-level may give a generalised impression not in accord- 
ance with actual conditions, especially in very high land. A station at sea-level 
may show the reading of 30 in.j another station, on a mountain not very far 
away may show, say, 26 in. If these readings were plotted directly on the chart, 
the result would be a big gradient necestitating veiy crowded isobars, and we 
should expect great gales where possibly they do not occur. Hence to obtain 
comparable figures we must reduce readings to the same standard, and sea-level 
equivalent gives such a standard. 


4. INSOLATION AND TEMPERATURE 

The sun is the chief factor in the control of climate, as it directly affects 
temperature, which is the most important dement of climate, because of its 
influence on pressure, winds, and rai^all. The distribution of temperature over 
the surface of the globe, the diurnal and seasonal changes of temperature, are 
influenced by variations in the duration and intensity of sunshine. The intentity 
and duration of sunshine mainly d^end upon (1) the angle at which the sun’s 
rays strike the earth ; (2) the length of day. Both (1) and (2) depend upon latitude, 
and if the sun alone were concerned, all places on the same parallel of latitude 
would e:^erience tiie same temperature. Various factors, however, disturb 
this imiformity, e.g. distribution of land and water, mountain barriers, prevailing 
winds, and ocean currents. 

The temperature of a place is rq>resented by the difference between the 
quantity of heat received by the earth from the sun (insolation) and the amount 
lost by the earth throng radiation. 

The more direct the angle at which the sun’s rays strike the earth, that is, 
the nearer it approaches a right angle, the greater will be the insolation. The 
angle varies according to the latitude of a place, and at the same place it may 
vary according to season. In En^and, at London, at the summer solstice (June 
21st) the sun’s rays strike the 'earth at an angle rather more than two-thirds 
= ei^t-tirelfths of a right an^e, while at the winter* solstice (December 2rst) 
the angle is only i.c. three-twelfths of a ri^t angle. Thus in June tiie insolation 
is much more than it is in December. 


Bending of Isotherms 
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The longer the day, the greater the insolation, so that the length of the polar 
day compensates for the acute angle at which the sun’s rays stri^ the earth in 
polar regions. 


5. BENDING OF ISOTHERMS 

The distribution of land and water influences the course of isotherms. Owing to 
its higher specific heat, i.e. its slo^^'cr heating and cooling capacity, water will be cooler 
than liind in summer and warmer in winter. This accounts for the curious bending 
towards the equator and the poles of isotherms drawn on the sea. If they bend 
towards the pole, as off Western 
Eiux>])'‘ in winter, we realise that 
the sea is then warmer than the 
land, for, as it were, a tongue of 
warmth over the sea Js pushed 
towards the pole. Bealisation of 
this fad is a great help in reading 
isothernj maps. Poleward bend of 
wini'T it-ifhcrms. especially 32® F., 
ov'T ih': 'Xorth Sea and adjoining 
Atlantic Ocean is also due to the 
warm Atlantic Drift which tends 
to hunt the air blowing towards 
Europe as soUth-west winds. 

6. RANGE MAPS 

Tempcratiuc maps are usually 
drn^m with isotherms showing the 
mean of actual temperature obser- 
vations for a single month or for 
the whole year, but there is another type of temperature map known as the 
range map. (Sec Fig. 58.) 

Bangc is really the difference between the highest and the lowest temperatures 
ever e:q)erienccd at a place. Tliis is the absolute range of temperatuxe, but it 
cannot easily be shown on a map, because such maximum and minimum tem- 
peratures vary from year to year. The average of such maxima and minima for 
a period of years is ^own as the mean annual extreme range, but a better way 
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is to take the difference between the average temperatures for the hottest and 
coldest months. This difference is often called the mean annual range. 

In a fairlj large area the hottest or the coldest month 1^7 not be the same. 
The coldest month at one station may be January, at another February; at these 
stations the hottest month may be July and August respectively. However, the 
range can be ascertained by taking the difference* between January and July in 
the one case and between February and August in the other. In such a case the 
range maps are made by plotting at each station the ranges thus ascertained, and 
then proceeding as for isotherms or contours. 

There is another and more graphic way of constructing range maps. Take, 
drawn on the same scale, isotherm maps for the coldest and the hottest month. 
On one of these maps trace the isotherms from the other. Where one isotherm 
(coldest month) cuts another (hottest month) ffnd the difference between their 
values, and insert this difference, like a spot height, at the point of intersection. 
Such differences are range values, and the range lines can then be drawn like 
contours. No range-line must- cross an isotherm except at intersections, but 
range-lines must cross both isotherms at the intersection. 

In practice, it is well to draw the cold month isotherms in pencil, those of the 
hot month with a lifter black ink line. Bange lines can be drawn with coloured 
pencil or red ink, and will thus stand out boldly. 

7. RELATION BETWEEN ALTITUDE AND PRESSURE 

Barometric readings denoting pressure of the atmosphere are always lower 
on the top (less dense air) than at the bottom (denser air) of a mountain. Near 
sea-level a layer of air 9 ft. thick is approximately equal in weight to a layer of 

mercury in. thick. Hence for every 9 ft. the barometer is raised, the reading 

will be in. less. If air were at all times and in every place of the same densily, 

the height of any mountain would be obtained by reading the barometer at the 
bottom and at the top reckoning the mean as hundredths of an inch and multi- 
plying by 9. However, the density of air is affected by both altitude and tem- 
perature. Tables are given containing what ore known as “ factors ” for certain 
mean pressures and mean temperatures, and these factors ate used in the way 
that 9 would be used as suggested above if air were a constant density. For 
instance, if the mean barometric pressure is 29 in., the factor for 30° F. is 9, 
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for 40" F., 9-2; for 60" F., 9-4; if 30 in., the factor is 8-7, 8-9, 9-1 for the same 
temperatures. 

The height is found by rending the barometric pressure, say, 30 in. at the foot 
of a hill with temperature 45" F., and 28 in. at the top with temperature 35" F., 
representing a difference of 200 hundredtlis of an inch. This gives a mean of 
29 in. pressure and 40" F. temperature. Therefore the factor is 9‘2 and the 
height is 9'2 x 200 = 1840 ft. Approximntcly 900 ft. of ascent will correspond 
to a drop of 'one inch of mercury, so to reduce to sea-level, one iuc h for every 
900 ft. of height is added to actual barometric readings. 

8 .. CAUSE AND TYPES OF RAIN 

Cause or Fain.— Air at any given temperature and pressure can contain 
a definite amount of ivater vapour tmeondensed and invisible. When it contains 
the raa-vimum amount it is said; to bo saturated, and the temperature at which 
saturation is reached is called dew point. If air is cooled beyond dew point some 
of the water vapour is condensed ns mist or cloud, and if the cooling is continued, 
rain fall . Hence cooling of air is the primary cause of rain. Expansion on 
rising i*' tlii; most usual cause of cooling. There are various causes of rising and 
they differentiate certain types of rain, namely: — 

Felief Rain. — ^This is caused when air blowing from a relatively warm' 
F'‘a comes in contact with coastal mountains, isforced upwards and so cooled beyond 
dew point. The prevailing westerly winds bring heavy relief rain to the coastal 
districts of the British Isles, and of countries like Norway, where there is high 
land along the coasts. 

Cyclonic Rain.— This is due to upward movement of air in connection 
with low-pressure systems or cyclones. (See Chapter IX., Polar Front Theory.) 

CoNVECTioNAL Rain. — ^Land is heated by the sun, and when insolation 
(see page 122) is great, the air becomes very warm and rises in the form of con- 
vection currents. It thus expands and cools, thus producing rain. Equatorial 
rain over the land is largely convectional, the summer rain of the steppes and 
prairies is also largely of this type. 

Rainfall HIaps.- Usually in atlases and textbooks there is a map known as the 
mean annual rainfall map. It is based on averages for the whole year extending 
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tlixough a series of years. Sucb. a map gives a very fair idea of the average 
quantity of rain in various districts, and if of the world, the isoh 3 ret of 10 in. 
coixe^onds very closely with the dry deserts. 

However, the geographer studying crop distribution or tree growth must know 
not merely how much rain falls in different ports of his regions, but also when it 
falls. That is, he must know whether it is largely seasonal, as in monsoon or 
Mediterranean lands, or whether it is evenly distributed throughout the year. 
Hence, something more than the mean annual map is necessary. A map for each 
month is helpful, as well as one for each season, and certainly one for both hot and 
cold seasons. Some maps show the total quantify of rai^all for each season, 
others the season’s amount as a percentage of the year’s fall. 

Bainfoll to a very great degree depends on wind-direction and relief. Wind 
direction is associated with the world systems of high and low pressure, so that 
in some degree isobar maps assist us in differentiating regions of heavy or light 
rain, and of seasonal variations in rainfall. As a rule, low pressure areas are 
associated with heavy rainfall, whereas high pressure areas, where the descending 
winds are dry, have much less rain. 

La most good atlases there are climate maps adequate to illustrate points 
referred to in this chapter. 


Erercises on WeaOier and Climate Maps are given on pages 228-35. 




CHAPTER XI 


MAP PROJECTIONS. LONGITUDE, LATITUDE, AND SCALE 

1. GENERAL IDEAS ON MAP PROJECTION 

A Map Projection is some method of representing on a sheet of paper the lines 
of latitude and longitude of the glohc. Such lines are known as parallels of 
latitude .ind meridians of longitude. The earth is not a perfect sphere. It is 
relatively flat around the poles, and bos been termed an “ oblate spheroid of 
revolution,’' that is a figure produced by revolution of an ellipse around its 
shorrer axis. The polar diameter is shorter than the equatorial diameter, but on 
a globe of, say, 5 ft. diameter, the diflerence would amount to only a very Hiunll 
fraction of an inch. Eor practical purposes the geographer may regard the earth 
as a !^)h< r-'. tVhen he wishes to make a map on a flat sheet of paper, it is necessary 
to ar|(i:)f come means of tra^erring to this paper the network of parallels and 
meridians in such a way that some approsimation to the actual network of a 
globe is produced. Absolutely perfect representation is impossible, for mathe- 
matical rctisons, which need not be discussed here. 

Though a globe is the only means of representing the earth’s surface accurately, 
any globe large enough to show clearly the features of small but important 
countrie.s would be botii expensive to make and very cumbersome to use. Hence 
there is recourse to maps, which, though not noathcmatically perfect representa- 
tions of the globe, can be made sufficiently accurate for all practical purposes 
if their limitations be understood and if the purpose of the map is borne in mind. 
The usefulness of a map for certain purposes depends upon the character of the 
projection used for the network of parallels and meridians. There are various 
ways of projecting these lines ficom the sphere to a sheet of paper. Each method 
of projection has its own advantages and disadvantages for specific purposes. 

One projection irtay have both parallels and meridians as straight lines 
(Mercator, page lid); ariother may have them both as curves (Borme, page 146); 
another may have curved meridians and straight paralleb (Mbilwride, page 160, 
where, as in Borme, one meridian is. a straight line) ; another may have curved 
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parallels and straight meridians (Simple Conic, page 138). ^ese and other 
projections \rill be described m subsequent pages, and tbeir usefulness for parfa- 
cular purposes will be noted. They ate mentioned here to show that p^ll^ 
and meridians, which ate curved on the globe, can be shown as curves or straight 

lines on certain projections. _ -. » ■« i. e 

The positions of points upon the globe are by cpnvenfaon defined by reference 
to parallels of latitude and meridians of longitude, and it is for thw reason that 
such Knes must be represented on any sheet of paper where we wMh to draw a 
map. Such representations are termed projections, though sey^l of Jem 
not projections in the sense imderstood by a mathematioian. Either of the words 
graticule or network has been suggested in lieu of projection, but the term 
projection still holds its own in textbooks and atlases. 

Certain qualities are looked for in projections, but they cannot all be 8^ in 
the same projection, and those which show moat fuUy the qualities best apphcable 
to specific purposes are sdeoted when maps are to be used for such pu^oses. 
The qualities which constiMe a gooA prqjastim centre round the degree to which tt 
can preserve the relative area, sllape, and scale, compared with the gl^. Another 
quality sometimes desired is the preservation of bearing, in other worj, of 
direction. Also, a projection for general use should not be difficult to dravr, 
nor diould it involve elaborate and difficult mathematical calculations, though 
such drawbacks can sometimes be minimised by use of mathematical tables. 


2. LONGITUDE, LATITUDE, AND SCALE 

Before we can understand the practical methods underlying the construction 
of projections, it is necessary to grasp the meaning of longitude and latitude, 
and of scale as applied to the globe. 

In the actual construction of projections, various methods are employed, the 
chief being (1) the so-called graphical method, which makes use of geometrical 
first principles (see page 141); (2) what is known as the trigonometrical inethod, 
use being made of trigonometrical formulae to find the length of paraUels, and 
the radii to construct them when they are circles (see page 138). . Sometimes 
recourse to mathematical tables is necessary for some of the more difficult 
projections. As a rule, an elementary knowledge of the first principles of 
trigonometrv will suffice for many of the commoner projections. Some students 
prefer graphical methods, which give reasonably approximate results. 
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Examples are given of the constmction of topical piojeclaonSj hut students 
desizing fuller treatment of the mathematics of map projeotions and detailed 
methods of construction, are referred to standard hooks on the subject, such as 
those mentioned on page 243. 

Latitude.— Latitude is the angular distance north or south of the Equator. 

Let the Eig. 59 represent the plane of a section of the glohe out downwaids 
(N. to S.) through its axis, NS. Let C he the centre of the earth, and WE tlie 
plane of the Equator, and to aid graphic visnalisalion, ima gitiR the earth to be a 
perfect sphere. The latitude of any place F on the surface of the glohe is the 
angle made at C, the centre of the plane 
of the Equator, by this plane WE, and 
the line joining P to the centre of the 
earth. 

Thus the arc PE represents the lati- 
tude of P (30° N.), P^W represents the 
latihidc of Pj (45° N.), PgB represents 
the latitude of Pg (70° S.). 

To understand the figure, cut an 
orange dotvnwords into two halves. 

The inside plane (finiity side) is repre- 
sented by the circle WT^S, which is a 
plane .and will lie fiat on the table. 

Tojind the length of any parallel of 
lalitvdc of the globe. Consider Eig. 60. 

WyEy and represent the 

Equator and another parallel of latitude, and each is the boundary (a circle) 
enclosing a plane surface. WC and WjCi are radii of these circles respectively. 

The latitude of the parallel WiK^Biyi is the angle W^CW (termed for con- 
venience ^). 

Now WC = W^C (radii of same circle) and is represented by E, the radius of 
the globe. 

But the angle EjWiC = the ongb "WjOW (because WjEj is parallel to WE) 
and thus the angle EjWiC = 

Therefore WjCi = B.cos ^ ; but since WjCj is the radius of the parallel Wia^E^y^ 
the length of the paraUebWja^Ejyi is 2wE cos 

M.P.G. 



Fig. 60 . .To liiLusnuTE thu Meakusto of 
Latitude. 
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Xfote . — ^The length of a degree of latitude is everywhere about 69 ml., though 
there are slight variations due to the fact that the earth is not a perfect sphere. 
Thus the degree of latitude is 68*7 ml. at the equator, 69*4 near the poles. 

LoKorroDE.— A meridian of longitude. is a line passing entirely round the 
^obe and thiou^ the poles, and is always what ‘is known as a great circle. A 
great dide passes ent^ly round the globe, and its plane passes through the 
centre of the globe. 

Longitude is measurement east or west of a first or standard meridian, and is 


6 


S S 

Fig. 60. T.tnm nr. Fig. 61. ThB MEAKIXO OF LOKOmTDE. 

To find tbo length of any parallel of latitnde 
of the globe. 

measured in degrees and their fractional parts (minutes or seconds). A drcle, 
or complete turn, represents 360 degrees, therefore there will be 180“ west and 
180“ east of the standard meridian. . The longitude of a place is measured along 
the parallel of latitude on which the place is rituated. 

In Fig. 61, BGD is a great circle, the Equator; MBQ is a maU cir<de, a parallel 
of latitude other than the equator; NVST is a great drcle formed of the two- 
meridians of longitude NVS, NTS; NS is the earih’s aris. 

If NMB is the first meridian (that of Greenwich), the longitude of any place- 
P is measured by MP. This in degrees is equal to the angle ® subtended by MP* 
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at tLc centre of the circle MFQB. This angle'is equal to the angle between the 
planes KIMB, NFS, that is the angle betwem the tangents at N to the arcs lilM, 
XP. Hence, (he longitude of a place is equal to (he angle at (he pale beltoeen the 
first meridian and, the meridian of Replace. 

Al the Equator the length of a degree of longitude is of the equatorial 

circumf''rcncc of the globe, or, in other words, of the Equator, and is approzi- 
mately G9 ml. At the poles, where aU meridians meet, the length of a degree of 
]c>;-c'-urle will be zero. Anywhere else, that is, off the Equator and poles, the 
It'll of a degree of longitude is ejqircsscd by the trigonometrical formula Cos ^ 
ti'pi s the len^h of a degree at the equator, ^ representing the latitude of the 
plar.-', the formula thus being 69 . cos ^ ml. approx. 

Tie approximate length of a degree of longitude in miles for every 10° of 
latitude is as follows: — 


0^ (equator) 

CO-2 ml. 

60® lat 

... 44*6 ml. 

10** lal/a ••• ••• 

... 08*1 „ 

60® 

... 34*7 ff 

20® 

... C5-0 „ 

70® 

... 23*7 If 

SO® 

... 60*0 tf 

80® 

... 12*5 If 

40® ••• 

... 63*1 gy 

80® 

0 If 


ftCALH. — ^In the construction of projections, as with all maps, it is necessary 
to consider scale. In'Chapter II. the subject of map scales is treated in some detail, 
but for projections we must consider a few special applications. 

Assume the earth to be a sphere with radius 3,960 ml., or approximately 
250,000,000 in. Globes \vith a radius of 1 in. and 10 in. respectively would be 
on a scale of 1 : 250 million and 1 : 25 million respectively. Scale has the 
significance of a ratio, and to say that a globe is on a scale of 1 : 250 million is 
to imply that in the model globe every length is theoretically one-two-hundred- 
and-fifty millionth part of the original. On such a small scale it is impossible to 
show anything but the most general measurements of the globe. 

On a scale of 1 : 125,000,000, B, the radius of the globe, = 2 in. 

. „ 1 : 100,000,000 „ „ 2-6 in. 

„ 1 : 10,000,000 „ „ =25 in. 

J£ this is understood, there will be no difficulty in working out scales for any 
projection, given the ra^us (B) of the qthere. 




CHAPTER XII 

MAP PEOJEOTIONS: GENERAL C5LASSIFIOATION; ZENITHALS, 

CONICALS 

1. INTRODUCTORY 

Projections ate usually classed broadly as (1) zenithal, (2) conical, (3) (grlin- 
drical, these being derived from methods of construction. Broadly, 

zenithals ate useful for the polar re^ons,i (ylindricals are more suitable for 
equatorial repons than for higher latitudes, for which conicals are better. In 
addition, there are rather loose generalised clastifications known as (4) modified 
conical projections, and (6) convejational projections. Qlo uses of some of the 
better-lmown will be discussed later. 

Prom the geopapher’s point of view, the term projection is not necessarily 
used in the strict mathematical sense. It is used rather to indicate some method 
of showing on a plane surface, that is, on a sheet of paper, the parallels and 
ir mriilinTis as nearly as possible as they would appear on a ^obe. 


2. ZENITHAL PROJECTIONS 


Sometimes we are told to imagine a globe, say, of glass, on which the parallels 
and are represented by blade lines, and to imagine at the centre of the 

globe a smnH electric fight bulb, whose rays could be focused on some particular 
point of the globe. We are to suppose it is posable by means of the fight to 
photograph on a sheet of sensitised paper the parallels and meridians. The fines 
on such a photograph, we are told, would constitute what is known as a 
projection.® 


> Some onthoritics emphasise the nscfnlncss of the Ohiiqno and_ Equatorial Zemtiials 
(page 133} for continents and largo countries. In Dierko’s Sehvlatlas, for instance, they aro thus 
largely used. For particulars of their construction, refocnco should he made to Sludy of 2Iap 
Projceliona by J. A. Steers. 

s Tins is only giren os an illustration and is not a practical method. Any attempt to project 
the and parallels as shadoirs on to a < 7 linder or cone urould not give cylindrical or conical 

projections of any value. Nor could it actually be used for the zcmthal projections. 

132 



Zemihdl Projections 


133 


Fiojectioos accoiding to this plan zoade on a i^eet of paper supposed 
to toucli the globe at some selected point are called zenithal or azimuthal 
.projections. The paper toncbes the globe at the centre of the map. Azimuth 
means a true bearing, and beaiii^ from the centre of such a projection, 
t.e. fium where the plane touches the globe, are true. 

Zenithals may be classed according to - the position of the point where 
the paper touches the globe. If the 
paper touches the globe (1) at either 
of the poles, it is termed a polar 
zenithal; if (2) at the equator, an 
equatorial zenithal; if (3) at some 
point between pole and equator, it 
is known as oblique zenithal. 

Zenithal projections axe also 
classed according to the position of 
the light which is supposed to reflect 
the shadow of the graticule on to the 
projection. Ifthelightisatthecentre 
of &e globe the projection is termed 
gnomonic or central (see Fig. 62): if 
at the end of a diameter, it is known 
as ^eslera^apMe (see Fig. 63): if, 
however, the li^t is at infinity, the 
projection is termed ortkograjplm 
(see Fig. 64:). Ih the last-named 
case the rays axe reckoned as parallel 
to one another, and are at li^t 
angles to the plane sur&ce, i.e. the 02. Osouoino Pbojeciioit. 

sheet of paper, touching the q^here. 

■Id. Figs 62, 63, and 64, MKPQ is the sheet of paper on which the graticule is 
prqjected. The ^eet touches the sphere at T, and BTS is a tangent. Here the 
sheet touches the rphere at the Equator, ^ving the equatorial case. If it touches 
the sphere at the pole, we have the polar case. In Fig. 64 the eye of the observer 
is supposed to be an infinite distance finm the earth and cannot be shown on the 
diagram. lines drawn &om it, such as pjB], O 2 B 2 , QsEg, are paralleL 

In the gnomonic, the scale along the parallels (drdes) is too great except near 
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the centre, and Bunilar exaggeration of scale oconisonthe inendians(straight^^, 
increasmg ^rith distance from the centre. This projection is not very for 
atlas or other maps ; distance, area, and diape bdng mcorrec% repmsented. 

On it. however, what is a great circle on the glohe is shown as a s^pt Ime. 

In the stereogiaphic,-the scale along the parallels (cnoles) and ^e meridians 
is too great, hut in each case increases &om the centre less than m&e gnomic. 
® Axea in the stereographic is not true, 

but distortion is less than in the 
gnomonic. The projection is useful 
for hemispheres on a small scale, 
and is not difficult to draw > ii 
olderatlases itis seen for hemispheres 
and continents, but it is not much 
used to-day. The orthographic is of 
little use for atlas maps, but it is 
used by astronomers. 

OonstrudAon ojihe Gnomonic Zeni- 
thal {pdar case). Take a line as firat 
meridian (represented by 0° in ^g. 
65), and mark off on it distances to 
represent (according to scale) the 
^ distances between the parallels 
required on the graticule. Then, 
with a common centre (N) on the 
n iein«iiaTi, or on it produced, draw 
concenixic circles passing through 
the marked points. Such circles 
are the parallels. The meridians can 
easily be spaced with a protractor, 
angles (c.g. aM) at the centre of the graticule being laid off to corre^ond 
with the angular measurement between two meridians. (In Kg. 65 these angles, 

C.0. 0, are 30°.) , . , . , » ^ 1 1 

Spacing for the paralld (latitude) intervab, e.g. be, cd, is obiamed from a table 

giving thecotangents of thelatitudesfor which parallels are to be drawn (see p. 135). 

This projection is of little use except for the polar regions, because distortion 
increases Trith distance from the pole. 



Fig. 63. STEBKOOUATinC PnOJECTIOK. 
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Some trigonomelxical latios for use mth formulae for map projeotions are 
now ^ven. 



sin 

cos 

taa 

cot 

cosee 

sec 

80“ 

0-9848 

0-1736 

5-6713 

0-1763 

1-0164 

6-7688 

70® 

0*0397 

0-3420 

2-7476 

0-3640' 

1-0642 

2-9238 

60® 

0-8660 

0-5000 

1-7321 

0<6774 

1-1647 

2-0000 

.60® 

0-7660 

0-6428 

1-1918 

0-8301 

1-3054 

1-6557 

40® 

0-6428 

0-7660 

0-.8391 

1-1918 

1-6567 

1-3054 

30® 

0-6000 

0-8660 

0-6774 

1-7321 

2-0000 

1-1547 

20® 

0-3420 

0-9307 

0-3640 

2-7476 

2-9238 

1-06^ 

10® 

0-1736 

0-9848 

0-1768 

6-6713 

‘ 6-7688 

1-0154 


3. CONICAL PROJECTIONS 

If a sheet of paper is rolled 
to form a cone which can be 
fitted on -to a globe, tQs cone 
will serve as the basis of a 
piojecMon. The cone is best 
adjusted so that its apex lies on 
the produced axis of the ^pbe. 

If tUs is done, the cone touches 
the globe along a line of latitude 
known as the standard paralld. 

The principle of Conicalpro- 
jedionwith one standard parallel 
is shown in Fig. 66. Here the 
plane of projection is the surface 
of a cone BCD fitted on the globe 
and touching the surface along 
the parallel TT^Ts, which is the 
parallel of 50° N. The radius 
or of the standard parallel is P 

given by the formula B cot I!ig. 64. Osteoqb&esio Pbojsciios. 

(see table above), where '•!> is 

the latitude of the standard parallel, hei^ 60°, and B is the radios of the globe. 

TTjTgTj represents a plane section of the globe bounded by tiie paiallel of 
50° H. The diameter of this plane surface is TTg. 
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Similarly represents the. plane surface of the section bounded by the 

Equator, and the equatorial diameter is EB«. CM, CMi, CMa, etc., are meridians 
on the cone. Dotted curves represent portions of the globe covered by the cone. 

If BMMiMoD is taken to represent EE 1 E 2 B 3 , then CB= North Pole to E, 
and CD = North Pole to B 2 . 

If the cone is spread out it Tvill represent the map shown in Big. 71, from which 
. / .1 (fonstruction of meridians is 

\eo lon^tiade (ZandK) 

' t 

VJ50’e. 

Dj 


i20iy. 


90W 


60 W. 


easy to follow. 

The cone cannot be tan- 
genttothe qpbere along both 
of two parallels. Howevw, 
two standard parallels can be 
made correct to scale in a 
conic projection. The cone, 
however, in this case must 
be regarded as quite inde-' 
pendent of the globe and in 
no way touching or cutting 
it. Ifthe cone cuts the sphere 
along two parallels, the pro- 
jection is true qecant conic. 
A secant is a straight line 
cutting the circumference 
of a circle at two points, 

. and in Big. 67 is shown 

{mstUarmaa.) by line PE or PS, part of 

Fig. 65. A Zekithm. Fbojeoxion (THE Gkomohio). ^bich is dotted between 
Polar caso for North Potoprcgions. 

Big. 67 illustrates the secant conic, which is not a good practical projection. 
The cone PBMS is supposed to be sunk into the qihere in such a way that 
it cuts the surface of ^e sphere along two parallels, here those of 50° N. and 
30° N. PM, PMj, PMa, etc., are meridians. EE 1 E 2 E 3 represents the plane 
surface of the section bounded by the equator, and* the equatorial diameter 
is E£^. This projection mutt not be confhsed with the Simple Conical 
projection with two slaniari paraUds, which is developed in quite a different 
way (see page 142). 
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' ™ +liftHiTnp leC!QmcalprojeotioD. •with, one standard parallel is true to 

p pnlft^ PTiil in tihe Conical projeolaon ■with, two standard paiallds, two standard 
parallds are true to scale. Though the standard parallels are true to scale, other 
pprallplB in the pr(qection are not. They are proportionally greater than the 
corre^onding parallels in the actual [^here, ■the deviation &oni true scale being 
greater for increase of distance from ‘the standard psialld. That is, if the standard 
pomilAl is 60“ N., there will be greater error along the parallel of 80“ N. than 


C 



* 

along that of 60“ N., and greater along 6“ N. than 46“ N. By saying that the 
standard parallds are true to scale, we mean that if a map is drawn on a scale 
of 1 : 6 tnfflinTi, the lengfli of the parallel on the projection will be one five- 
millionth part of the corresponding parallel on the actual ^obe. The other 
rorpllAla which are not true to scale do not show such proportion. On parallelB. 
external to two standard parallels, scale is too great; on parallels between them 
it is too small. (See Kgs. 68, 69.) 


138 


Map Projectitms: General Class^cation^ ZeniOtak, Conicak 


Iq conical projections \ritli one standard parallel or vnth tt 70 standard parallels, 
the meridians are all true to scale and are correctly spaced. The angles which the 
meridians make with each other at the apes of the cone are a certain £cacfaon of 
the angles made at the poles by the meridians on the actual sphere. This fraction, 
which is known as the constant of the cone, is usually conventionally represented by 
asymbol, say,«. This'isusefulinreokoningthemeri^nlimitsofaconicgraticule. 

In conical projections the meridians are represented by straight lines which 


P 



Fig. 07. Tbui: Secasx Cosia PaoJEcnov. 


converge to a point. This point is the vertex of the cone, and concentric circles 
described about it represent the parallels. The pole is represented by an arc, 
which shows that such projections do not truly represent the surface of the globe. 

The conic is treated more fully than other projections in order to illustrate 
%*arious methods and properties connected with projections. 

To construct the Simple Conical projection with one standard, paraUd (trigono- 
metrical method). It is first necessary to know the relation of the radius of the 
globe to the radius of the standard parallel and its length. 
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Consider Fig. 70. TP is tilie radius of Hke standard parallel on the projection. 
If B is the radius of the sphere and 4> represents the latitude^ of the standard 
parallel, then TP =:B cot be> P 

cause angle TPC = angle TCK 
The radius of the parallel of 
latitude ^ on the globe is QT, // /3/ 15^ 

which is equal to B cos 0, because 
angle QTC=TCE. Thus the length 
on the projection of the parallel I I r I W 

whose radius is QT is 271: Bcos^. I J 

We will now' proceed to con- ^3“ 

struct a Simple Conical projection •' 

with one standard parallel, 40°. 68. P^r op Sph^. 

XtopTBSonifttioii on^louB ox pBirt ox pftTAllclssij^f &nd 

Use scale of 1 : 50 JBillion. port of xnoridian xm, yn, sq* C^para with Fig. 69, 

6 in ) wWch ^owb corresponding corneal projection. 

Witli radius R cot ^ = 5*96 in., and centre C, describe a circle (ajr. MFQ), on 
vrhicb mark off arc MQ = 27rl2 cos e.e. 24*06 in., to represent tbe stan^id 




Projection of the parallds and moridians shown 
on port of sphere in Fig. 68. (Page 142 gWes 
method.) 



Fig. 70. GBAPHIO iLLUSTBATIOy OF 
Forbiula FOB Biuple Come. (OneS.P.) 


' parallel (Fig. 71). If the meridians are to be 10° apart, divide the arc into 36 parts 
^ Latitude is an angular measurement, see p. 129. 
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(a dicle repiesenting tuimngthzoii^ SGO"), and tiien join each point of division 
to the centre of tiie dide, the point which lepiesents the apes of the 
cone. 

To obtain, 10° apart, parallels other 
than the standard paxalld, mark off on 
the central meridim divisions repre- 
sented b 72 rtJJ divided by 36, ».e. 0*87 in., 
and, with same centre as for standard 
parallel, describe arcs to pass through ' 
these points of division. 

h'or the properties of this projection 
see page 137. It is suited to relatively 
small countries with little extent of 
latitude, e.g. Denmark, Imland, Poland. 

For areas with wider extent of latitude, 
e.g. PuBsia, Scandinavia, the conic 
with two standard parallels is prefer- 
able. This is also sometimes used for 
Europe. 

ToconstructtJieSimpUGoniccdprqjee-. 
lion mth one standard paraVd (graphical 
method). Describe the circle WSE to r^esent the globe on the required scale. 

(SeeEig.72o.) 

Make the angle TCE to represent the latitude of the 
standard parallel. 

Draw WOE to represent the Equator and NS to 
represent the polar axis, which produce. 

Where TQ, the radius of the standard parallel cuts 
the circle at T, draw the tangmt TP. 

On the projection take any line, PC, as the central 
meridian. (See Fig. 72&.} 

With radius FT, as in Fig. 72a, draw the standard 
parallel MN. ^ 

For every degree of latitude (1°) the parallels are ^ 

unitsoflength apart. Ifspacingof 10° is required, mark off on the central meridian 
nnifa of length above and below where the meridian and.parallel intersect. 



Kg. 726. Sdiflt! Cobio. 
CoxnpBio trith sneihod of 
Kg. 71. 




CHAPTER Xin 


MAP PROJECTIONS: CYLINDRIOALS, CONVENTIONAL PROJECTIONS; 

CHOICE- OP PROJECTIONS 

1. CYLINDRICAL PROJECTIONS 

A ^eet of paper loUed in the form of a c^lmder and placed around the globe 
^ves what is termed a cylindrical projection. The cylinder may touch the globe 
along any great circle, lines of latitude and lon^tude on the globe bring projected 
on the cylinder. "" ’ . . . 

If the area between two parallels of latitude on the projection is made to- 
correspond with what it would be on the globe, the (qrlindrical equal area results. 

The graphical construction of this projection is simple. (See Pig. 74.) 

Given the scale of the ^obe, say 1 : 125 million, the r^us R of iJie ^obe 
will be 2 in. With this radius draw a circle and ilien WE will represent the 
Equator. Suppose the parallels of latitude are to be 30° apart, make angles of. 
30° subtending arcs Em, mp, j>N, Em', m'p', p'S on the rircumference. 

Than fhmu gb the points VI, p, N, m', p', S draw, parallel to the Equator, lines, 
which are the parallels of latitude. 
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■pilBxed piBptre^s ono oraoQ oiJnng 
eip JO asotp oiqn pajaasui mb snetpirara oifj puB ‘aaiSap ^i 3AB loj 
Bpinuoj oTji^ iCq Zpoauoo papiAip bib sfanBaBd aqx -aijuao tiorainoo aqij inog 
TTAtw ip are qapqii ‘qa^TUod aaqijo aqij jo npBi aqij ba^ snoisiATp qang ’qaflBiBd 
piBptTB^s aqij A^o^aq puB OAoqB jjo qiBta osjb qarqA ‘qBAiBjtn apn!|.i!^q paimbai aqj 
BAiS oj BB OS qa^Biod piBpuwjB aqij uaaMijaq gx jo ijiBd ^xnp aoBdg 'U ptre R qSnonp 
uBipiaara ^Bijnao b aJiB^ -aAoqB pxmoj npBi atfj 
ij>)TAt ax^xiaa noxnoioa b xno;^ xmBxp bib e/ix‘btm qa[[^ 

-iBd piBpxiB^B aqj •apioxifBiS aqij bmoxjb 0 g ‘Sjg; 
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^Bs) BqqSnai naAxS oq iBnba pxre gy oq jcopioxpnad 
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qiBin pxre ‘gy axni qqSreiqs ZnB (gi, ’Sxg) MBig 

•aiaqds exjq no qaqBiBd paqoaps 
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qsnxn xnaqq naaiiqaq aoxraqsip BXQi -qaaiioo aq qeiixn 
X{qSnai ixaxjq pnB ‘qaqBiBd asaqq qnasaidai oq xiiiBip aq qenxn sapno oxiqnaonoo 
oMj 'sj9jioivd ‘pjitfpwois 001 % yjwi voijooCojd itmnoQ viduns o jm/jouoo oj 

•qaqBiBd iai{qo axp jo snxpBi aqq q ^ oq sqxnod asaijq 
JO qoBa xnoi^ *ZAV oq iBnba saanBqsip jjo qiBxn nxjxptiara iBiqnao axp nQ 

" J ^ sqxnod asaqq Snxxixot ^q snBipxiaxn Suiureniai aqq AVBig ‘fix oq 
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AVOZ oiStiB aqq aqaxn *oOI Jo qBAiaqxn qB pqBiBd piopnBqs axp apiAxp oj 

spmuoQ ^sjDifftuoz fuotfvoiftssviQ pjouoQ :suotjosbjj dpjy Sfl 
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The interrab betireen tiie paeUeb of btitndedeonaae finm tin Egutor to 
thepoles. ThqrTBiyaatiieBnesaflbBaiig^af btitode. 

Eqoator b tevn aoeoiding to wwlw, and tiie murawma axe qpeoed at 
equal diataiieeg abng ib 

UQOASDB'a £BonKnion>— A smeh need treiD-launni ogdoidrical ptojeo- 
tuni IB that of Ibnatoti lAioh dates os fti TMwk’oe 1669> The axe 

eqaidutontTBrinal eboigiht lines oooeotitrqpaeedmO”. Ptoilbb BXBhoiwmtBl 
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eixai^t lines. Thq^ axe not eqmdistenl^ hat to pEeserve the zatio 

between degiees of bfitade and bnptade^ lihMi' dbtanaes apaxt axe 
OB the btitnde inoreases. The emot oonstmction of Uoxoatoxb pw^aniMwi 
involves nmeh mathematies or recomaa to tabbs pHtpred fin the pnipose^ bnt 
the following wQl convqr some idea, in an elementaiy way, of the gMiwl 
piuuoide. 
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Aflsuming the earth' to be a perfect sphere, the radius of the (small) circle 
round the globe representing, say, latitude 46", is equal to the radius of the 
(great) circle representing the equator, multiplied by cos 46° [i.e. multiplied by 

Kg. 76 (e)]. The length of a degree of longitude at tiie equator is therefore 

^2, or 1-414 times that of a degree of longitude at latitude 46°. In Mercator the 
length of a degree of longitude at latitude 46° is made equal to that of a degree 
at the equator, for the longitudinal lines are parallel lines. Thus the length of a 

degree oflongitudeatlatitude 46° is increased V'2times, and thereforethe length of 

a degree of latitude here must also be increased V2, or 1-414 times, to preserve the 
correct ratio [Kg. 76 (a), (6), (c)]. At latitude 60° the length of a degree of 
longitude is really only about half the length of a degree at the equator 
, (cos 60° = J) : on Mercator the length is the same, so that the scale of longitude 
along the parallel of 60° is double the scale on the Equator, and to preserve 
true proportions, the scale measured north and south must also be doubled 
(Kg. 76). Thus on Mercator the distance ficom latitude 60°' to 61° is 
approximately twice as great as from latitude 0° to 1°, thou^ on the ^obe 
these distances are equal. Similarly, it can be shown that at gO" the 

len^h of a degree is increased 6-76 times (approx.), and so on. On this 
projection the shape of the land masses is approximately preserved, but 
area in high latitudes is much exaggerated. Alaska is shown nearly as large 
as the United States, thou^ its area is only about one-fifth that of 
the States. 


2. MODIFIED CONICAL AND CONVENTIONAL PROJECTIONS 

In addition to the zemthal, conical, and cylindrical projections, there are a 
number of miscellaneous projections which ate usually classed under the 
of modified conical and conventional projections. Such headings, especially 
that of conventional projections, are rather vague, but they suggest that 
are projections which do not readily fell into the three broad divisions of azimuthal, 
conical, and cylindrical. They include some of the most useful and most com- 
monly used.' 

Of modified comoal projections. Bonne’s and the Sanson-Kamsteed (some- 
times termed the sinusoidal) are well known. A familiar conventional projection 
is the Mollweide. 


V. P. o. 


10 
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3. BONNE’S MODIFIED CONICAL PROJECTION 

In Bonne’s projection the standard parallel is dia\m &om the data R cot 
that is, radius of the globe multiplied by cotangent of the latitude. The central 
nipridiftTi is a straight line divided as 'frith the simple conic, t.e. to give 

intervals of 10°. The parallels other than the standard paralld ore concentric 

^ . circles dravm through these 

. points of division, their centre 
being the same as for the stand- 
ard parallel. Meridians other 
Uian the central meridian are 
obtained by (1) dividing each 
paralld according to the inter- 
val required between each 
meridian, and then (2) by con- 
necting coiT^onding points 
on the parallels. By " corre- 
^onding” points we mean 
those relating to the same meri- 
dians. Thus meridians other 
than the central one will he 
curves. 

This projectionis equal area. 
The meridians other than the 
central one, being curves, are 
too long and do not cut the 
parallels at right angles. Hence 
the projection is not ortho- 
moiphic. Theparallelsandthe 
distances between them arc true to scale on the central meridian, but, for a 
fridc extent of latitude, there is considerable distortion at the extremities, as, 
for instance, in the N.W. and N.E. of Asia. 

This projection is largely used for atlas mnps, both for continents and countries 
which arc sufficiently compact to avoid distortion at the comers. 

Method of constructing Bonne’s projection on scale of li GO million (12 = 5 in,). 
We will take a net with 10° as meridian and parallel interval, 80° E. as central 



Fig. 7G. Bokxe's Projeciiok. 
(Dcrelopmcnt.) 
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meridian, and 40® K as standard parallel, the longitude limits being 40® E. and 
120® B., the latitude limits being 30® N. and 70® N. 

Eadius of parallel 40® N. = E cot 40® = 5*96 in. approx. 

Latitude intervals (for 10°) on Central Meridian = = 0*87 in. approx. 

Longitude intervals (for 10°) on standard parallel = = 0-67 in. approx. 


Longitude intervals for other paral- 
lels = - - 1° -— viz. for 30° N. = 
0*76 in.: for 50® N. = 0'56 in.: for 60° 
N. = 0-44 in.: for 70® N. = 0-30 in. 

Draw PC as central meridian. (See 
Kg. 76.) 

With centre P and radius 5*96 in., 
describe the arc MQN to represent the 
standard parallel 40®. 

From Q downwards and upwards 
mark intervals of 0*87 in., t.e. Qa, Q6, 
hCy cd. 

With centre P and radius Pa, P6, 
Pc, Pd, draw arcs to represent the 
parallels 30° K, 50® N., 60° K, 70® N., 
respectively. 

Along these parallels, starting 
from the central fneridian mark 
to the left and to the right 
intervals corresponding to the long- 
itude intervals noted above, viz. 0 



Fig. 77. PoLYComc Projectiok. 


•76 in. for aa\ 0"67 in. for Qj', etc. 


Join the corresponding points on each parallel, viz. d', g', 6', c', d', and curves 
^representing the meridians will result. 


4. POLYCONIC PROJECTION 

Each parallel is a circle, drawn with its own centre and radius. > The radius 
for each parallel is R cot lat., as with the simple conic. The central meridian is 
divided as in the simple conic, length of 1° of latitude on the central meridian 
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being The parallels are divided as in. Sonne, i.e. for 1" of 

longitude. 

To Draw the Polyconio Projetiion. (Scale 1 ; 50 million; i2 = 6".) 

Draw a straight line, PC, to represent the central meridian. (See Pig. 77.) 
Take any point, m, init and for intervals of 10° latitude, mark off on this meridian 

in intervals, q, r, n, s, etc. Take these points, 'm, n, etc., as guides for radii 
of the circles which will represent the parallds, i.e. mT is required radius for 
parallel rnTj, thraefore T will be centre for describmg this parallel. 

Centres of the arcs representing parallels are on the line PC, the arcs being 
drawn through m, M, q, r, s, respectively. 

Thus 60° with radius R cot 60° = 6 X 0'6774: in. 

60° „ B cot 60° = 5 X 0-8391 in. 

Divide these parallels for 10° of longitude. 

nno Si'.R cos 60 2ir6 X 0-6 . 

30 — 36 

..no cos 60 ZaS X 0-6428 
. . 50 30 = 30 m. 

The Onc-in-a-million International map is drawn on a modified form of the poly- 
conic. Unlike the latter, in which meridians are curves, the International meridians 
are straight lines. In the polyconic parallels are circles, but not concentric. 

Each sheet of the International is plotted separately on its own central meri- 
dian, a straight line. The boundary north and south paraUds are plotted with 
radii derived &om tables, but they are not concentric. The boundary parallds are 
like those of the ordinary polyconic divided tiidy according to scale. Meridians 
arc drawn by joining these points. (See page 155 for combination of International 
sheets.) 

5. THE SANSON-FLAMSTEED PROJECTION 

To construct a Sanson-Plamsteed or sinusoidal projection for world maps 
draw a horizontal straight line WE to represent, on^the given scale, the Equator, 
which may be taken as the standard parallel. Bisect it at 0 and draw, perpendi- 
cular to WE, straight lines ON, OS, which represent meridian length ffom the 
North Pole to the Equator and the South Pole to the Equator respectively. 
The central meridian is NS, which is half the Equator. Divide NS into 18 
equal parts, each to represent 10° of latitude. Through each point of division 
draw a horizontal straight line to represent the parallels 10°, 20°, 30°, 40°, 50°, 
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60°, 70°, 80° le^ectively. These stxaight lines dioiild, according to scale, 
correspond mth lengths of the parallels on the globe, and should be bisected by 
the central meridian. For praciical purposes the lengths of parallels on the 
^obe may .be ascraiained from tables. The length of any paralld on the globe 
is 27 tii cos lat., where R represents the radius of the globe. 

Oonnect the ends of the parallds by curves, which will be the boundary lines 
of the world graticule, and will represent the meridians 180° W., and 180° E. 
To obtain, 10° apart, the meridians other than 0°, which is the cenirol meridian, 
divide the Equator and all the other parallels into 36 equal parts, and by means 
of curves connect the corresponding points of division on the vanous parallels. 



The Sanson-FlamBteed is an equal area projection. Farts of meridians forming 
the north and south sides' of any quadrilateral on it are true to scale, and the 
perpendicular distance between tiiem is correct. Trapezimns with corresponding 
parallel sides and heists are equal. Hence the area of any quadrilateral on the 
map is equal to the area of the corre^onding quadrilateral on the globe. Those 
quadrilaterals on the Equator and central meridian correspond in shape to their 
fellows on the globe, but the fiuther west or east we move on any parallel other 
than the Equator, the more distorted the quadrilaterals become, tiie distortion of 
shape being very marked as the bounda^ of the map is reached. Hence the 
projection is not a favourite one for world maps. 



150 Map Projections: Cylindricals, Conventional Priyectiom: Choice of Projections 

It is suitable for a contineiit or country which does not extend (1) too far 
north and south of the Equator; (2) too far east and west. Hrace, by seleotmg 
the central meridian so that it passes throu^ the centre of toe continents, a 
useful graticule may be obtained for A&ioa or South Amenca. If used for 
maps of Austrab'ft or North America there would be great distortion, as these 
continents are considerable distance from the Equator and have too much east-to- 
west extension. For similar reasons, toe projection is not suitable for As», where 
there would be even greater distortion, and toe east-to-west extension of Europe 
in relatively high latitudes rules out a sinusoidal graticule for that continent. 



6. THE MOLLWEIDE PROJECTION 

To construct a Mollweidc projection, first draw a circle equd in ^ to a 
hemisphere (i.e. of a solid hemisphere) on toe given scale. (See Rg. 79.) This 
is done by taking a radius V2 times, f .e. 1-4M times, that of toe radi^ of a ^here. 
Produce toe equatorial diameter ab east and west to E and W until rt is 
twice the diameter of the circle aN6S, i.e. half the Equator on toe projection, 
since drew only a hemi^liere. Througli c, the middle pomt of ao, tow 
NS perpendicular to a6. NS is toe central meridian. Complete tje elhpse 
SWNE, which bounds toe graticule on which toe Equator is represented by WE. 
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Divide WE into 12 equal parts, each to represent 30° of longitude, and 
siniilarly ^vide each parallel. To represent meridians other than the central 
meridian dravr elliptic^ curves ficom the points of division to the poles. The 
central meridian is* the strai^t line which bisects the Equator at ri^t' angles. 

The most difficult ta^ in connection with this projection is to secure correct 
distances between the parallels. The parallds are drawn with the help of tables 
which give the distance between any parallel and the Equator. Such distances 
are not readily calculated directly. These distances are marked along the central 



nfiBTifiin.Ti, and thm iigb such points the parallels are drawn parallel to the Equator. 

The following table shows for the Mollweide projection the rdative. distances 
of certain parallels &om the Equator. These distences are in relation to the 
radius of the globe, namely, for 


10° paxallel of latitude ••• 
20° 19 19 

S0° 19 19 If ••• 

40° 1, 1, ,9 

60° 19 19 19 

60° 19 99 19 ••• 

70° 19 It *1 ••• 

80° 11 If If 

90° If 99 19 


0*104 times the ladins of the globe 

0*386 It 99 99 91 99 

0*671 ft 19 99 99 19 

0*761 99 9* 99 f> 99 

0*021 99 99 ff ft If 

1*077 If 99 99 ft If 

1*210 99 99 91 19 If 

1*336 19 99 99 If 99 

1*414 99 19 99 99 99 




152 Map Projections: CyJindriedls, Conventional Projections: Choice of Projections 


MoU\reide is an equal area projection, and is generally represented by an 
ellipse 'with tbe Equator as a major axis. The fironti^iece of the second e^tion 
of Hinks’ Map Prejections is a beautiful example of a transverse MoUweide -with 
different major ifris. On such a map most of the British Empire can be repre- 
sented 'with little distortion. 

In Professor C. B. Favroett’s Political Geography of. the British Empire, 
the “ skew ” (oblique) MoUweide is successfully used for world maps. 

The normal Mollwdde, because of its equal area properties, is much 
used in atlases for distributional maps of the world. As a world map it 
is preferable to the Sin'usoidal, because the distortion in higher latitudes is 
not so great. See Fig. 80 , which gives a comparison of the two projections, 
MoUweide being shown by the dotted boundary, Sanson-Flamsteed by the 
continuous one. The MoUweide paraUds are shown by straight, and Sanson- 
Flamsteed by dotted, lines, the equator (dotted) being common to both graticules. 

7. CHOICE OF PROJECTIONS 

When we select a projection for any map, there are several things to bear in 
mind. It is necessary to remember to what use the map is to be put, the petition 
of the area to be mapped, and its extent with respect to latitude and longitude. 
Other things being equal, it is advisable to choose a projection reasonably easy 
to draw, and needing no abstruse mathematical calculation. 

For distributional maps to tiiow dentily of population or stock, distribution 
of cultivated crops or of natural vegetation, an equal area map is desirable, so 
that not only the actual distribution of the commodity can be noted, but also 
the relative size of the regions where it is found. Some projections show area 
fairly correctly to scale in certain latitudes, but distort it greatly in others. 

For a world map, three weU-known projections are the (Cylindrical Equal 
Area, MoUweide, and Sanson-Flamsteed. No one of these is very difficult to 
draw. The first named is the easiest to draw, and for this reason would probably 
be selected for most purposes excq>t for the fact that in hi^ latitudes shape is 
much distorted, though the area is everywhere true to scale compared with the 
globe. There is Uttle distortion between the tropics, so that it would be quite 
suitable for showing the distribution of products such as rice, rubber, or cane-sugar. 

If the distribution of the temperate cereals, such as wheat or maize, is to be 
shown, the C^Undrical Equal Area would be less suitable, because the shape is 
much distorted where these crops are found. They are gror^n in large countries 
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like iihe United States and the Argenime, and the shape of these should be preserved, 
for ease in reading if for nothing else. ' Hence Mollweide or Sanson-Flamsteed 
\ 70 uid be preferable, and the former would probably be the ultimate choice. 

!For equal area of a single country or continent o^er projections are available 
Bonne’s being a favourite with atlas makers. It is least suitable for Asia, because 
this continent has too great extension throng both longitude and latitude to 
avoid distortion in the north-west and north-east comers. 

Maps for small areas sucb as the British Isles, the Baltic Lands, !E!rance, or 
the Balkan Peninsula, whether required for distributional purposes or to ^ow 
ordinary physical features or political geography, would probably be on the 
Simple Conic with two standard parallels. This projection is easy to draw, and, 
if the standard parallels are wisely chosen, is reasonably correct as regards scale, 
preserves shape better than Bonne, but is not equal area, a point not of great 
importance for small areas with not too great esdent of latitude. It is suitable 
for any extent of longitude, which, with ease in drawing, would render it popular 
for maps of, say, the transcontinental railways like the Canadian Pacific and the 
Trans-Siberian. 

Por maps of the Polar Begions or of the Tundras, one of the zenithals is best, 
possibly ‘the Zenithal Equidistant^ which shows distances along the meridians 
and bearings (azimuths) &om the Pole correctly. 

The usefulness of the Oblique and Equatorial Zenithals for continents and 
large countries may again be stoessed. 

'Where direction is desirable, for navigation on the sea or in the air, or to show 
the direction of •ocean -currents and.planetary winds, Mercator is suitable. Dis- 
tortion of area in high latitudes does not affect the main purpose for which the 
map would be used. 

We have only mentioned some of the commonest projections. There are 
others less well known which for certain purposes may be very suitable, but which 
may be rather less ea^ to draw than those generally used by atlas makers. 
Several excellent but relatively little known projections are described in the books 
mentioned on page 24S. 

Exercises on Map Projections are given on page 235. 

Students should be able to recognise the various projections and to discuss 
their use for specific purposes. To do this some knowledge of the principles 
underl]dng their construction is necessary. 
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8.. GRIDS 

On many Oidnance and other maps, a “ grid ” is dra\m. This is a combma- 
rionofsquaiesmimberedandletteredasinEig.81. The " grid ” is not agraticule 
and is often used for sheets of laige*scale maps. Longitude and latitude may be 
marked in the margin, e.g. top and bottom (longitude), left and ri^t (latitude). 
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Fig. 81. 


but it is not usual to draw the meridians and paralleb. The grid facilitates 
reference to the map. In Eg. 81 the villages a and & are in squares Al, A5, and 
the lake c in square 04. The J-inch Ordnance Survey Atlas index gives grid 
references, and the method is now a convention on Ordnance sheete. 

This method of numbered and lettered squares is simple in prin<aple,,but 
sometimes is not very convenient in practice, e^ecially when there are many 
p pmpa in a square. Not much help is ^ven by an index which refers to an over- 
crowded rather than to a defimte position. Such an index refers to a 
particular map, e.g. to a particular sheet of a particular edition of an O.S. map. 

For the Fifth edition of the O.S. map a special system has been adopted to 
counteract these drawbacks. The grid has squares, the sides of which represent 
5,000 yards on the one-inch, and 10,000 yards on the half-inch and. quarter-inch 
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maps. These lines are not drawn with reference to the sheet-lines of the map, 
but their position is reckoned firdm the arbitrary starting places respectively of 
2“ W. and 49“ N. 

9. COMBINATION OF SHEETS IN 1/M INTERNATIONAL MAP 

!Fig. 82a shows that a sheet of the International 1/M map will fit any one of 
its four snxroimding sheets, but if further sheets are added, fit cannot be obtained 
in all directions. Figs. 82h, 82c show ttro ways of distributing the misfit. Farther 
combination is possible, e.g. in Fig. 826, other sheets could be added to 2 and 4, 
and to 3 and 5 in Fig. 82c. 



Fig. 82 . 

The International map difiers ficom the ordinary polyconic in that the 
meridians are straight lines. Each sheet is plotted separately, with its own 
central Tneridia-n, the bounding parallels being arcs of circles whose centres are 
on the central meridian produced. 

Each sbeet covers an area of 4° of latitude and 6“ of longitude, and though 
more than nine sheets do not fit well, it is possible to build up a map of lai^e area 
without noticeable gaps. 






PART II 

CHAPTER XIV 

SURVEYnTG AS THE BASIS OB LAEGB-SCALB MAPS 

1. THE FRAMEWORK OF TOPOGRAPHICAL MAPS 

The object of the topographical surveyor is to record the relative position 
of various features on the earth’s sux&ce. Brom the geographer’s" standpoint, 
the results of a survey diould be suitable for compilation of maps, and they 
must be as accurate as possible consistent with the scale. ^ A travdler, for his 
own guidance, may make certain approximate observations as to the rela- 
tive petition of prominent objects along his route. Such observations, thou^ 
approximate, are suffitient to enable him readily to retrace his steps to the 
abandoned site of a former camp or halting-place, but they may not be sufioiently 
accurate to serve as the basis for a map of previously unsurveyed countiy. Route 
traverses of the earlier travellers who, in the nineteenth century contribu^ 
much to our knowledge of interior parts of Africa and Australia, necessarily 
formed the groundwork of the first attempts to map such countries, but later 
and more carefully-made surveys showed them to be inaccurate in important 
details. This is not suipriting, as the observations on which they were based 
were often under difficult conditions, and not always with reliable instru- 
ments. As time goes on, scientific research requires more accurate maps. More 
prctise instruments and methods enable more accurate maps to be made. 

The type of surveying which gives the raw material of the large-scale official 
maps of various countries is known as T<^ogiaphical Surveying, and such maps 
are usually termed TopograpMoA Maps. T^ography (from the Gre^ topos, a 
place, and grapho, I draw or depict) consists in dq»icting the various features of 
a district. The topographical surveyor, therefore, is roncemed with methods 
which enable him to detennine accurately and to summarise on a map the different 
features on the earth’s surface. Such features may be feither natural or artifitial. 
Natural features include physical features such as mountains, hills, plateaux, 
and plains, where differentiation of relief is necessary; rivers, lakes, marshes, 
deserts, forests, natural grasslands. Artificial features are due to the agency of man 
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and may conc^ (1) routes, such as railwajs, loads, primitive tracks, references 
to crossing-places in the form of bridges and fords, works such as emhaTilfTWflnfg j 
cuttings, tunnels, to overcome natural obstacles in a route; (2) human 
settlement, namely the sites of towns, villages, hamlets, or isolated dwellings. 

A good topographical map will show the general relief and all the major 
surface features which can be included within the limitations of the map scale. 
On a small-scale atlas map of Lincolnshire, the county, even if the map attempts 
to show relief, appears to he an almost featureless level plain, but on a ’good 
topographical map on a scale of 1 in. to the mile, the (dialk Wolds and the western 
limestone ridges appear, with many variations of escarpment, valley, and other 
incidental features. 

Where much of the surface is nearly level, as in the Fenland, there is 
little danger of the general effect of the map being obscured by crowded details 
of relief. In fact, the,difficalty is to avoid omission of relatively low undulations 
and eminmices, which, compiismg more solid masses of giavd or other glacial 
deposits, formed the rite of settlements when the surrounding fen was undrained 
marsh. The difficulfy to some extent is overcome by adopting fecial contour 
intervals for such regions, but even then, features of some local significance may 
be omitted on the map..-. Again, a hi^and region of even moderate altitude 
may riiow considerable complmdfy of surface features which obscure a contoured 
map. This difficuliy of overcrowding and obscuring relief features can be 
minimised by selecting a larger contour int&rval than the normal one. 

Maps on a scale smaller than 1 : 250,000 (roughly 1 in. = 4 ml.) are not 
designated “ topographical” maps, and ore compiled where possible by reduction 
and generalisation from topographical maps (scales 1 : 260,000 and larger). 
Survey in the field is not as a rule carried out on scales smaller than 1 : 250,000. 
Maps on scal^ smaller than 1/M (1 : 1,000,000) arc often designated atlas maps. 

The accuracy, and with it the usefulness, of topographical maps, varies 
according to.the methods employed and the conditions under which a survey was 
made. Surveys range from (1) the more informal and often rapid work of 
explorers and poneers to (2) the more systematic work of geographical, military, 
or government surveyors under official and scientific au^ices. The latter type 
of survey comprises (1) elaborate surveys carried out deliberately, according to a 
carefully fiTni.Tigp.d pW, and often extending over a considerable period; (2) more 
rapid, but cairiuUy executed, surveys performed in connection with a Boundary 
Commisrion, or when two countries are mutually stabilising a common boundary; 
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(3) surveys executed on active service, frequently in undeveloped countries 
previously under native rule, and thus lacking reliable topographical maps. 

The accuracy and usefulness of a tQpographical map vrill depend upon the 
accuracy of its primary framework. The primary framework should he split up 
into secondary and then detail inserted in .the various component parts. By 
framework we here mean the fixing of points relative to one another, and not 
the graticule, which is the net on which they are plotted. If the framework 
of parts of the area he done separatdy and the results pieced together, there is 
likelihood of error, which can be minimised when the framework is made as a 
whole. Points wUch constitute the framework of a map’s features may be 
determined by (1) tnangulation; (2) traversing; (3) astronomical observations, 
and sometimes by combination of certain of these methods. Triangulation is 
by far the most accurate and scientific method, but sometimes relief and natural 
features render it difficult, and then other methods are employed. Land without 
hilla is unfavourable to tna ng ula tion, and the type of country for which traversing 
may be preferable is forested lowland where well-defined landmarks are lacking. 
Astronomical observations give the least reliable data, but sometimes during 
expeditions are the only means possible. 


2. PRINCIPLES UNDERLYING TRIANGULATION 

The principle underlying triangulation depends on a fact which we learn from 
trigonometry, namely that if the angles and the length of one side of a triangle 
are Imown, the leng^s of the remaining sides can be reckoned.^ Tnangulation 
consists in taking bearings of objects primarily from the ends of a carefully 
selected and measured base-line, and then building up a network of triangles, 
whence the name “ triangulation.” The apex of each triangle is a fixed point 
on the earth’s surface, and if no convenient object for observation exists, the 
point must be suitably marked. Apices of these triangles are termed trigono- 
metrical stations. If (1) at such stations horizontal angles have been observed 
to all other discernible stations around and if (2) the horizontal distance between 
two such stations is measured, it is obvious that other lengths represented by the 
sides of triangles can be calculated. 

Official survey distinguishes various types of triangulation according to the 
degree of accuracy attained. 

* Refer to page IGO on the theodolite. 
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3. TYPES OF TRIANGULATION 

Topoqrapeicai. TRiANGxniiArnoir. — ^This is designed to give a framework 
accurate enou^ for a poriiculai topograpliical map. Its object is rapid and 
dieap production of topographical maps frequently intended mainly to serve 
as a basis for plane-tabling detdl on a rdatively small scale, and nothing 
more accurate is desfred than avoidance of error on that particular scale. 
For larger scale maps, or for extended work, such tiiangulation would not be 
sufficiently accurate. 

Frikcifal Triangulatiok. — Yarious technical terms are applied to more 
ambitious methods of triangulation. Principal (sometimes known as OeodOie) 
triangularion is very slow and elaborate, and necessarily eqiensive. Sides of 
triangles formed on this method by the British Ordnance Survey are about 35 
ml. long, but in oth^ surveys lengths considerably bdow or above this %ure 
have been adopted. In this method the algebraic sum of the errors of all the 
angles of a principal triangle should not exceed one second. 

Ma3ob and Minor Triangulation. — In Mifjor triangulation an error 
of 5 seconds may be allowed, and in Minor tiiangnlation the error allowed 
is 15 seconds. 

Seconparv and Tertiary Triangulation. — Sometimes the sides of the 
principal triangles are subdivided to form smaller triangles. The methods are 
known as (1) Secondary Triangulation, where sides vary from about 5 to 10 miles, 
andwhereanerrorof 6 seconds is allowed. (2) Tertiary Triangulation, with sides 
from 1 mile to 5 miles, and error up to 20 seconds. In Britirii Ordnance Maps 
the sides of Secondary and Tertiary trian^es are about 5 miles, and rather more 
than 1 mile respectively. 

Thft above details concerning the more elaborate methods of triangulation 
are of interest to stndents of geography, in so far as they show what care, time, 
and ej^ense are devoted to surveys which produce large-scale official maps. 
There is no need at this stage to trouble about the technique of such surveys. 
Those who intend .to specialise in Cartography as part of an Honours Degree 
Course, and others who are interested in the subject may consult the books 
noted on page 242, e^edaUy the official TeadSbook of Topognqihicdl and 
Qeogra/phiad Surveying. 



ICO 


Stnviying as the Basis of Large-Scale Maps 


4. THE THEODOLITE 


It is well here to note certain details concerning the theodolite, which is 
largely used for the framework noted in the preceding paragraphs. 

_ The theodolite (see 



Fig. 83} essentially com- 
prises — 

. (1) A horizontal circu- 
lar plate, H, furnished 
with two verniers, v, v, or 
with two micrometer 
microscopes 180° apart 
and graduated to read 
angles; a pointer F. 

(2) A vertical circle, 
V, with two verniers, m, 
m, or micrometer micro- 
scopes, and graduated to 
read ^m 0° to 90° in 
one quadrant, 90°-^° in 
the next quadrant, etc. 
Graduations of a theodo- 
lite depend on the size of 
the instrument, and may 
be much more elaborate 
than those noted above. 

(3) A tdiescope, T, 
which rotates about an 
axis passing vertically 
through the centre of the 
horizontal circle and cap- 
able of adjustment so that 
it can similarly rotate 


about an axis passing horizontally throu^ the centre of the vertical circle. 


Bearings for the telescope and the vertical circle are carried on fiames,/,/. 
Spirit levels, s, s, are mounted on the horizontal plate and on the vernier arm 
of the vertical circle. The horizontal plate carries a compass, C, in its centre 
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betwerai iflie supports of the tdescope, and there is a screw to lift the magnelio 
needle off its pivot when not in use. 

The theodolite is firmly screwed to a base or tripod, in the centre of whidh 
there is a hook ffom which to suspend a plummet in order to indicate the exact 
position where the station peg is to be driven into the ground. 

Sighting is done through a telescope, because the theodolite is designed for 
long distance work. In the telescope is a diaphragm, finely etched with a vertical 
and horizontal line, kept in place by screws. Accuracy is ensured by these lines, 
the intersection of which should coincide with the object. The telescope is brou^t 
into focus by a milled screw near the object glass. There is a screw to adjust 
the axis of '&e telescope. 

The character of parts noted above varies in tiieodolites by different makers, 
and according to the price of the instrument. Familiarity with the instrument 
can only come from actual use and demonstration by a competent surveyor. 
Bdiable theodolites are costly, but smaller instruments embodying essential 
points which ore sufficient to give a general idea of the principles involved may 
be obtained from various educational firms. Such model instruments are not 
intended for actual survey,-'and are less accurate than those used by surveyors. 

The theodolite is used in triongnlation (see Fig. 84), and for the determina- 
tion of trigonometrical heights (see page 191). As regards function, it is a 
delicate combination of the prismatic compass and level, capable of very accurate 
readings. There is considerable difference in the measurement of horizontal and 
vertical angles. On the horizontal circle the difference in bearing between one 
point and another is measured; on the vertical circle the elevation of a point 
above the horizon is measured. Particularly in the latter case it is necessary to 
eliminate errors due to both instrument and observer. 

Beference to diagram 84a will illustrate the principle of triangulation. 
Elnowing base AB and angles a, h, it is possible to calculate BO; knowing BO by 
calculation and measuring an^es c, d, it is possible to calculate OD and BD. 

The principle of the use of the theodolite in triangulation con be seen if we 
imagine a triangle ABO representing an area in the district to be surveyed. The 
theodolite is set up at 0, the telescope pointed on A and the reading of the pointer 
on the horizontal circle is noted. Still at 0, it is next pointed on B and another 
reading, taken. The difference between the two readings i^resents the angle 
ACB. The theodolite is mov^ to B, and the angle CBA is ascertained. Finally ■ 
it is moved to A and the angle BAG is similarly determined. If the rea^g is 
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accux&tCy the snni of the three angles should be 180® i but if this, is not the case, 
various adjustments are made. ^ ^ ^ 

It is necessary to measure one of the sides of the triangle^ and given this side 
and two of the angles determined by the theodolite, it is possible by trigonometry 
to calculate the remaining two sides of the triangle. 

Reference to detailed methods of survey by the theodolite are beyond the 
scope of this book. 3?or such methods students are referred to the official 
Texibooh of Topographical anA Geographical Surveying^ and to Hink s; Maps and 
Survey. 

Here we are merely concerned with the theodolite as a means of mak i n g 
'observations necessary in that survey which is the basis of large-scale maps. 


D 



84. PbIHOIEXS of TBXANauaA.TIOK. 


We are concerned with the principles rather than the details of such survey^ 

It is impossible to give theoretical directions for the manipulation of a theo- 
dolite. Familiarity with the instrument can only be attained by actual contact 
with a theodolite under the direction of a competent surveyor. There are 
several adjustments of screws and levds which cazmot .be mastered except by 
personal contact with the instrument. It is frequently used by surveyors, who 
are generally willmg to give assistance to students for a reasonable fee. 

Apart from refinements of adjustment, the following are some of the things 
to be noted in handling a theodolite. 

It is centred over the station (A) (see Fig. 8^), where the an^e is to be 
measured, and is carefully levelled. Adjustment is made for*thevetnier (reading 
index) or micrometer microscope. The instrument is turned until the telescope 
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is aimed at the fiist point (B) to be observed. It is 
then focused. The telescope is now turned to observe 
the second point (C), and finally, the third point (D). 

The first station should be the hack station, and 
the second the forward station, that is, the station 
where you will next go with the theodolite. Thus, 
the angle is always measured clockwise fix)m the back 
station to the forward. 

Errors arc minimised by reading each angle twice, 
the telescope being turned round vertically after the 
first reading. If the vertical circle is first on your 
left as you use the telescope, it will be on your right 
after the telescope is turned. The reading is said to 
“ face-left ” or “ iace-ri^t,” as the case may be, and is 
entered thus in the angle-book. After centring, levd- 
ling, and setting to magnetic north by means of the 
compass on the theodolite, the telescope is set so that 
the vertical circle is on your left (face-left). The 
^.telescope is focused on each station in turn, and is 
swung iinm station to station in a direction from 
left to right. Both verniers ore read and the readings 
are entered in the angle-book as “ face-left, swing 
ri^t ” readings. 

The telescope is now swung over vertically and 
the stations are read fi;om right to left. Besults are 
entered “ face-right, swing left.” 

In the angle-book^ d^iees are entered for one 
vernier only, minutes and seconds being sufficient for 
the other. See page 159 for limits of error allowable. 

Specimen angle-book entries are given in the table 
on page, ^e student should also refer to Eig. 
846. The entries are similar to those advised by 
Professors Jameson pnd Ormsby in their Mathe- 
malical Geography. 

The difference given in columns six and ten of the 
table is found by subtracting the fimt mean ficom the 
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second, and so forth. This difference gives the angle, and the mean values for 
the angles under (a) face-left, swing right, and (6) face-right, swing left, gives a 
final mean for the respective angles. If there is much discrepancy between this 
and either of the “differences,” something is wrong, and the readings had 
better be made again.' As a further check a reading is taken on station B. 


5. THE MAPPING OF AN ISLAND 

Map-making on a fairly large scale can be illustrated by describing the survey 
of an island not previously mapped. First make a preliminary rou^ survey or 
reconnaissance. Points would be selected (1) for base, from which to commence 
observation; ako for check base; and (2) the trigonometrical stations, that is 
for the apices of triangles in what is known as triangulation. (See page 161.) 
Tlicse stations are prominent features such as hill summits or pronoinent points 
on plateaus, difis, etc. They may be as much as 20 or SO miles from the base 
and from subsequent observatimi points. When the stations are thus far apart, 
beacons ore set Up oh them to aid observation. In the preliminary observations 
a rou^ diagram is made to show the relative position of the stations. This 
done, the actual surveying is begun. 

lirst we measure the base, which should not he less than a mile in length. 
It is best measured by invar tapes along the ground, or, better still, suspended 
from trestles. Corrections are made, such as (1) to counteract any variations 
due to temperature changes in the tape, or (2) to adjust any defects in alignment, 
etc. Such a base, say a mile long, diould be measured within one-tenth of an 
inch, because errors in initial base measurement lead to considerable inaccuracy 
in the actual triangulation. 

When the base, I (see Fig. 85), has been measured, it is extended by triangu- 
lation. A theodolite is used and is centred over one end of the base. Angles 
to the points chosen for base extension are measured, and the base extension is 
completed to points a and b. From a, angles to vanous points fixed by beacons 
are observed, and the same is done from h, the stations c, A being fixed. The side 
he acts as a base for fixing e; be as a base for fixing/, and so forth, until the 
triangulation is complete. , 

A second base, II, may then be measured to check the work by comparing its 
measured length with its length as computed by the triangulation. 

^ Reason is appaicnt* for the ohsorrations axe hcarinQs^ 
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Note • — Thin trianealatioa riv«s the area of the island and the position of present ^catuM. 

nf Ja tHrminfaig theneightsof relieffwtnrcsisneeessaty, Brfore **' ^1 

benecessaiT to detennine mean sea-lord hy taWng the average of a senes of ohser^ions dwij^ 

ft ”mSStween high and low waterlordfor a conridOTyei>WHd at a noplace. 

above sea-levd of mw point in the triangnlation nan be definitely fixed^ leve lling o r tnMgmbm. 

By means of the v^cal drolo of the theodolite, the diff^ce m hemht ft e di ffe^ 

tricOTometrical stations is ascertained at the same time as the hom^tal angles for tnangnlation 

ftM Toad. and tiuifi the heidita of the variona BtationB can D6 recoraed. 

Tb fir the nosition of ^ idand on the ^ohe* the latitude and lo^tude of rae point* say the 
end of the ba^ wonld be detetiuined by astronomical observation. !Farfter aatronoi^al obs^ 

«JSrimuth- of thebase. and would thus relate the tnangnla- 

*‘“B?S‘ofS5iane.toMe (see ps» 169). detaUod informatim can he mmrted 
trigoMMtriesl iSns, and thus fte basis of a topographical map is WP- Where tnanglcs 
MO not shown on Kg. 86, minor triangnlation and plane-tablmg pight bo used. 


CHAPTER XV 

PLAlinS-TABLING 


1. EQUIPMENT 

The follo\ring are the essential parts of the equipment for plane-tabling:— . 

(1) The plane-table and its tripod. 

(2) A measuring tape or chain. 

(3) A bos-compass, otherwise known as a trougb-oompass. 

(4 An alidade or sighting-rule, and a spirit level. 

(0) Two or three sighting-rods about the rise of a cricket stump for marking 

stations where the plane- 
table is set up, and a few 
longer rods for righting 
purposes when- there is 
no convenient object in 
the landscape. 

(6) A pair of service- 
able field-glasses for 
distinguishing andidenti- 
fying distant objects and 
features. 

(7) Paper and sundry 
accessories for drawing, 
such as penrils, rubber, 
drawing-pins, a penknife 
or razor-blade , pencil- 
sharpener, a protractor 
marked with scales if the 
alidade is not thus 

„ graduated. 

Fig. 80. TopooBArnrai’s PI.4SE-TATII.E. plane-table (see 

Fig. 86) is a portable table supported on a tripod: the top can be revolved or fixed 
in any desired position in a horizontal plane; hence the name. 

The table-top is essentially a drawmg-board, varying in size from about 
15 in. by 10 m., or 16 in. square, or 18 in. by 12 in., to 18 in. by 24 in., which is 
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a large size. The top of a good teble has a snnken brass rim for ti^tening the 
paper. ,Thei» must be nothing projedang ahom the surface of the table, and 
Smwing-pins, if used, shodd be fixed underneath, thou^ there- are other 
more desimble means of fixing the paper. Below the table-top is a pivot-plate of 
brassletinto the drawing- 
board and fashioned in 
such a way that it will 
take and hold the head 
of a bolt in the tripod 
block. It is important 

that the metal fitJangs . „ ~ j j 

of board and tripod be other than iron or steel, which would affect and render 



lig. 87. TSsiOm XBOuaH Cobfass. 


the compass maccurate. , . • • • mi. 

The tripod not be more than about 4 ft. hi^ when m position. The 

legs are hinged to a wooden block, and usuaUy have fly-nuts at the sides to 
facflitateti^tening. Tdescopiclegs arenot fovoured by many good plane-tablers 
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because they cannot be rdied upon for rigidity, a most important essentid for 
securing accuracy. On the tripod head, m the cmtce, is a thumb-screw designed 
to fit into a socket on the lower ride of the drawing-board. 

The box-compass (Fig. 87) is designed to enable the plane-tabler to draw on 
the -paper a line .parallel to the compass needle at rest. The compass com- 
prises a magnetic needle about 6 in. or 6 in. long, and mounted on pivot in an 
oblong box with paraUel rides and glass lid. The best compasses have arcs at 
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each end, graduated to show sufficient degrees of the circle to facilitate coaxing 
the compass to indicate north. 

The alidade (Kg. 88) is a strong, flat ruler, 12 in. to 18 in. long, and is usually 
made of box-'wood or other hard wood. At each end it has flap>sights which can 
be raised or lowered at will. One of the nghts has a thin, vertical hair or wire 
down the centre, suidi wire being aligned on the object sighted. The other sight 
has a narrow vertical slit down the centre. It is important that wire and slit 
be exactly in the centre of the ruler, or accurate sitting cannot be guaranteed. 
Tho edge of the alidade may be graiduated like an ordinary ruler, or it may be 
marked with scales, such as 8 in. to 1 mile. It is well if the alidade is fitted with 
a spirit level. If tMs is not the case and if the drawing-board is not so fitted, a 
separate spirit level must be used. For very particular work, telescopic alidades 
ate procurable. They comprise the usual ruler which, in place of the sight-vanes, , 
carries a telescope wi& cross-wires on the object lens. In some tdescopic alidades 
the telescope may be removed and the ruler used with tight-vanes. 


2. METHOD OF PREPARATION 

Before attempting practical work, see that the table and tripod are in good 
working order, and that all adjustments can be made easily, e.g. levelling and 
nloTTiping the table-top. Nest carefully prepare the paper. Li more rou^ and 
ready work or for practice the drawing-paper may be fastened directly on 
the drawing-board. This is not recommended for the best type of work, 
but if done, the paper should be folded over and pinned Mow the board. 

A better method is to use a thin, flat board made of some strong wood which 
will not warp readily, and corre^onding with the area of the table. On this 
tliin board stietch some linen somewhat larger than the board and with sufficient 
edge to overlap the plane-table. Before it is stretched on the boa^, the linen 
should bo well soaked. Place the board on the plane-table, linen side uppermost, 
then turn over and paste the loose linen edges on the underside of the table. 
Damp and carefully paste a sheet of drawing-paper on the linen, smoothe the 
paper to prevent creases and wrinkling, fold over the edges and pin securely on 
the under-side of the plane-table. If the mounting has been properly done, the 
paper has a beautifully smooth surface, and the drawing can be readily made, 
especially as regards accuracy of angles where rays intersect. The result well 
repays the trouble taken in preparing the paper, though, for practice, students 
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may prefer fihe mefihod entailing .less prdiminaoy preparation. However, it is 
wdl to try the more elaborate method in order to master the details. 

Cultivate the habit of setting up the table with reasonable quickness and 
without fumbling. If yon have trouble with the apparatus, you may tom out 
less careful work. The top must be level, and for this the spirit level is essential. 
At first see that the legs are screwed to the block sufficiently loosely to give them 
fiee play. Hold a leg in each hand and, as it were, throw the other leg outwards 
ficom the table, at the same time patting the two held legs on the ground. Prac- 
tice with this method should result in a fairly level table-top, and adjustment 
can be made with the aid of the spirit level Be careful to screw up the fly-nuts 
of the legs securely. If you are working on a slope, two legs of the tripod should 
be down the slope and the other up it. Whether on the fiat or on a slope, do not 
have the table too high. If adjusted a moderate height, it is easier to sight from 
it and to draw on it^ and there is less likdihood of the table being blown over. 
Such an accident would necessitate re-orientation of the table, and the drawing 
would not be improved by coming in contact with wet or muddy ground. 
Avoid knocking against the tripod legs or in any way shaking the table. 

It is obvious that the assumed position on the paper should be centred over 
the actual station on the ground. To test that this is done approximately, a 
long fork with a pointed arm is sometimes used to fix on the station’s position 
on the board. Another fork fitted with a hook to carry a plumb-line is fixed 
'below the table beneath this point, and the plumb-bob should be immediately 
above the station on the ground. In practice this is hardly possible unless the 
station is in the centre of the board, because the turning to orient the board 
after it has been centred and levelled, throws out the centering somewhat. Such 
error is small if the centering has been reasonably correct. 

3. PROCEDURE IN THE FIELD FOR SKETCH MAP DEPENDING ENTIRELY ON 

PLANE-TABLING 

Having prepared the drawing-board and paper, and being sure that the 
apparatus is in good order and that you can set it up properly, select a base, or 
a position for making a start. A good base may be central as regards the area 
to be mapped, should be on reasonably level ground, should give a dear view of 
the country £com each end, and each end should affiird a sight of a few prominent 
In-TiilmaTkB . From half a mile to one mile may usually be legaided as a 
suitable lengtiu 
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If the base is not central, some of the stations observed and fixed may be too 
fat a^y to ensure accuracy, and certain rays ^ come out awkwai^y whra 
intersecting others. On level ground, measurement of the base can be made 
more readily and mote accurately, and such measurement must be as accurate 
as possible vdth a to proper determination of scale. ^ the ^ 

from the base, it is obvious that it cannot be properly made if the coun^ md its 
chief landmarks arc not readily visible. The great point about ertension from a 
base is selection of stations and tiiape of eictension triangles, jaese shodd be 
as nearly equilateral as postible. It is not alvrays essential that toe base should 
be central. For ordinary mapping half a mile would not be an unduly long base. 
A very accurate extention can be made ftom a one-mile base, whereas it is not 
easy to measure a longer base, or to find level ground in hiUy country for a longer 

^*^^The base being selected, set up the plane-table at one end of toe base, and 
use the spirit level to ensure that toe table-top is in a horizmtol plane. The 
table is levelled by moving theaegs of toe tripod or by meaM of levelling screws, 
such screws being attached to toe better-made tripods. Place the ahda^ on 
toe paper so that its edge coincides with toe base-line, and turn toe boato so 
that the sighting-wire cuts toe marking pole set up at toe otoer end of the bare. 
Clamp the table, and make a small dot to represent toe end of the bare wh^ toe 
table is standing. Put a small circle round toe dot to assist legibtoly and mark 
it “ I ” to represent toe first station on toe base. Some plane-tablers fix a pm 
vertically on the dot, take the alidade and pivot its edge against th^pm, next 
aligning the sights on the sighting-rod which indicates toe otoer end of toe base. 
Tlris is done by placing the eye behind toe slit and fixing the hait-wire to comcide 
uito toe rod. The ruler is kept firm and a line is town along its edge. This 
line represents the base-line and should be marked Base. ^ 

The official Textbook of Topographical Surveying deprecates toe use of piM. 
It advises that when a ray is to be town ficom any point, toe pmcil shomd be 
held upright with its edge touching toe point, and that the ahdade should then 

be pivoted against toe pencil. it i. 

Next select toe stations which you wish to fix, and, carefully keeping toe taWe 
in position, pivot the ruler on end I of the base-line, and tow a hne m toe 
direction of each object which you intend to fix on the paper. Such lines ^ 
known as rays. It is well to identify each station by name and to wnte this 
along the ray. (Fig. 89.) 
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When all Ihe requited lajs have been draTra, fix a si^ting-iod in ihe ground 
to coincide as nearly as possible with representation of base-end I on the drawing- 
board. Move the plane-table to the other end of the base, measuring the distance 
between the two base-ends by chain or by pacmg. At the second end of the base 
set up the table approximately, unolamp it, and on the line previously drawn to 
representthebase,beaiinginmind 
the scale to be adopted, showposi- 
Idon of base-end II by means of a 
dotandsmallciicloasbefore. Itis 
important that the base-line be 
drawn carefully to scale, because 
it is the foundation of the scale of 
the whole sketch. Fivottheruler 
on end II of the base=line, lay it 
along the base-line, and revolve 
the board gently so that the hai]> 
wire coincides with the sighting- 
rod left at station I. Clamp the 
table, which is now dul^set or 
oriented. 

With the ruler pivoted against 
the pencil, draw rays from H 
towards each of the stations to 
which rays were drawn firam I. 

(Fig. 90.) Put a small cirple 
round each intersection of rays 
and write the name of the station 
near its. circle. If desired, 
simplicity can be secured by 
rubbing out the rays, leaving 

nothing on the paper except the intersection of the rays and the base-line. 

Before leaving the base-end I, it is wdl to find North. Lay the box-compora 
on the paper, say, on the top left-hand comer, and slowly turn it round until 
the comes to rest with its north and south points esactly coinciding with 

Pi'irinnr points marked on the bottom of the box. Rule a line along the edge of 
the box, north by an arrow-head. This line is the magnetic north-south 



Pig. 89. Pcjiite-Tabuno. GBAPBia TaiAsrouXiAnioir. 
Pitst Stage. Sot by (l)-(2}. 
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line. A gi^iilnr lino can be draTm parallel to it along the other edge of &e 

compass, which can easily be fitted between these parallel lines when re-orientation 

of the table is desired. After reaching the btise-end IL the orientation of the 
table may be checked by laying the bos-compass between the north-sonth Imes 
and watching the behaviour of the needle. If there is any great de^^atlon, error 

has j^fobably baen made in taking 
a sightof base-end I£combase-end 
U, and, after imclamping the 
table, you can gently revolve it 
until fhe needle and the north- 
south line on the paper coin- 
cide. 

The dcetch can further be 
extended by going to one of the 
stations vrhereroys intersect, and 
by setting the table on a base-end 
f ^ by means of back-ray reading, 
STATION aligning ijhe sights of 

the alidade along the ray until 
the hair-wire coinddes with the 
sighting-rod at the base-end. 
(Fig. 91.) Setting can also be 
done here with the compass, or 
it can be used as an additional 
check. Setting being achieved to 
your satis&ction, nest work ficom 
the intersection of rays repre- 
senting your new position and 
proceed to draw rays to fresh 
stations. A fourth station may 
similarly be selected, and rays drawn from it to intersect those drawn from 
plane-table station III. If rays can be drawn from either of plane-table 
stations in or IV to the intersection of rays from stations I and H, the 
three rays may not intersect, but will form a trian^e. This is known as the 
triangle of error, and its centre can be taken to indicate the station in question 
if the is small. If it is large, some error probably has been made in 



Fig. 00. PuusE-TABUsa. Giunnc Tbusquutiok. 
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righting for one of the rays or in setting up the plane-table at one of ita stataons. 
Such a method can sometimes be used as a check, and if any serious discrepancy 
results, the work can be gone tlirough again until the cause of the error is 
loented. Such a contingency, however, should not occur if the work has been 
performed with reasonable care. Wien all the necessary rays have been drawn, 
the frame-work of the sketch is 
completed. The base and the 
various observed stations arc 
in position relative to one 
another and to the magnetic 
north-south line. 

Now rub outall unnecesssity 
lines, merely retaining inter- 
sections of rays and the base- 
line, and clean up the paper ns 
well as possible. It is ready 
for insertion of topographical 
detail. Sketch in such features 
os streams, canals, woods, 
hedges, houses, churches, roads, 
railways. Ifdiscretion be exer- 
cised in selecting stations for 
intersection of the rays, they 
will assist compilation of the 
sketch. Good stations arc ends 
of bridges, comers of woods or 
buildings, church spires or 
towers, windmills or water- 
pumps, prominent trees, comers 
of fields. Sometimes, as in 
very flat country with few landmarks, it may be desirable to set up sighting-poles 
to mark stations. In the preliminary location of stations, use should bo made 
of a good field-glass, and in bright sunshine tinted spectacles may help such 
location, ns well as the drawing of rays. Before final choice of stations, a prelimin- 
ary reconnaissance with the field-glass from base-end I is preferable to haphazard 
taking of stations as you proceed. 
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The method just described is known as Gra]^c 
and consists in filling in the firamework as wdl as the ^teil with lie 
at one and the same time. The baric idea is to fix a 

to give a framework or skeleton for the detail, and the ^ciple w the same as 
for triangulation with theodoKte or prismatic compass. Jfaangulabon by plan^ 
table lacS^the accuracy of careful triangulation by theodolite, and toere is much 
less mobiUty and speed than when a prismatic compass is used. However, by 
means of the plane-table it is possible to secure a reasonably accurate dretci-map 
of a small area. If there has been no previous trigonometncal tnangdation, 
and if the plane-table survey is the first to be made, it is obvious that one 
important essential of a topographical map is laokmg, finely, mication 
of relief. Therefore, to make the sketch complete, some method of contouring 

is necessary. (See page 198.) 


4. ANOTHER USE OF THE PLANE-TABLE 

Another use of the plane-table is to JiB in detaU when certain finimework points, 
known as trigonomelrical stations, have been fixed by the toeodohte. 

In its essentials, the method is similar to that preinouriy d^bed. The 
table and its accessories axe similarly prepared and adjus^. take ip 

position at one of the stations previously fixed by theodohte, and set yp the 
table on the mark indicating the station. Unclamp the table and ky the ah&de 
on it to coincide roughly with a line joining the first with My other feomi station, 
the hair-wire bring nearer the more distant station. Unolamp the teble an^d 
revolve it until the aUdade is sifted on the distant station. Now ckmp the 
table, and, using the compass as directed for Graphic Triangi^tion, fix the 
north-south line. The north-south line is used for setting the table when moved 
to the second or any subsequent station. These two stations first selected serve 
the same purpose as the ends of the base-line in Graphic Triangulation. As m 
this method, prominent objects arc sdected as stations, and rays Me drawn to 
riinm Rays diould not be drawn haphazard, and it may be found convenient 
to draw rays in succesrion clockwise ftom the station where the table is located. 
Rays should be drawn to objects which can servo ns landmarks when inserting 
detail after aU the stations are fixed. Detail diould not be inserted by gu^ 
work or approximate estimation, but short rays diould be drawn to mdicate the 
relative direction of trees, buildings, etc. 



Deteminir^ Position by Resection 


176 


6. DETERMINING POSITION BY RESECTION 

By of a metliod called resection, tihe principles underlying plane-tabling 
can be used to determine one’s position. We set up the plane-table and align the 
sight-rule on certain selected ^stant objects. Bays are drawn backwards fi;om 
t^ese objects to the observer, whose position is indicated by intersection of the rays. 

■ Select three objects in ^e country which you can identify on the map. Set 
up the plane-table, orient it, and fix the map on the table. Draw rays from 
objects in the country through their counterparts on the map and towards 
yourself. If these rays 
intersect at a point, 
this is your position. In 
practice it is possible that 
they will not intersectr 
but will form a triangle 
known as the “triangle 
of error.” This error 
may be due to faulty 
setting of the plane-table 
or to defccte in the 
compass. 

^e three objects 
should be selected so that 
they and you will not'be 
on the (^cumference of a 
circle. It is advisable, 
if possible, to select ob- 
jects so that you are within a triangle formed by imaginary linesjoiimg the objects. . 

If you can select the objects so that you are inside such a triangle, you are 
innMft the triangle of error. (Kg. 92.) If you cannot so select tiiem, you are- 

outside the triangle of error. (Kg. 93.) 

Tour position can be estimated approximately. K you are inside the triangle 
of error, the distance of such position perpendicularly fimm any ray is propor- 
tionate to its distance from the object ftom which the ray was drawn. If you 
are outside the triangle of error, your position is dther to the ri^t or the left of 
all the rays as you look towards the three objects mthe actual country. 



■ BrUl^e 
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\ chutA rotrer 
Fig. 02. TiuuLKaLx: of Ebboh. 

With observer's position insido the triangle (see also Fig. 03). 
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To test Tvhetlier you ate to the right or the left of the rays, shghtly turn ^e 
table-top. say. to the left, and draw new rays ftom the three obj^cfe K the 
triangle of error resulting ftom the new rays is ^Uer than the fii^ triangle of 
error; your position is on the left of the rays. If the new jangle m larger thm 
the first one, you are not on the left of the rays but on the The rays nwto 

six sectors, but your position can only be in one or two, ather 3 or 6, 
to the right or left of the rays. Having determined as ^eoted above wheAer 
you are to the left or the right of the rays, it wfil be at either ® or y. (Kg. 94:.) 



T.inpg drawn ftom® or y at ri^t angles to the rays are in proportion to the distance 
ftom ® or y to the objects ftom which the rays are drawn. 

To check the solution of the triangle of error, i.e. to check your estimated 
position, pivot the alidade against the estimated position on the map, and direct 
it on the ray fi»m one of the objects. If the latter is off the righting-wire of the 
alidade, unclamp the table and revolve it until the object is jpoperly sighted. 
Then clamp the table and draw a ficesh ray. Complete the resection for the other 
two objects if the rays do not meet at a point, and you ought to have a much 
smaller triangle of error. If the triangle is larger, there is something radically 
wrong with your solution, and the whole operation should be done again, care 
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being taken to see that the ruling points, i.e. the objects s^hted, have been 
properly sighted and set down. 

Plane-table surveys are generally made between tciangulation stations, 
which arc points whose relative positions have been fixed by means of a theodohte. 
(Sec page 161.) Such fixing is very accurate, and therefore triangulaiion stations 
form a suitable framework for plane-table survey. The distance between them 
is not so great that serious error is likdy when you are working from one such 
station to another, and is usually about a mile. 

Triangulation stations might be used as the ends of a base-line, and from them 
intersecting rays could be drawn to new stations as explained on page 171. This 


method, however, is not so con- 
venient or so speedy as to select a 
station, to set up the plane-table at 
it, and to fix its potion on the 
map in relation to any three triangu- 
lation stations without 'taking the 
plane-table to these stations and 
then bringing it back. 

Such fixing on the* map of 
the position of a new station by 
making observations firom it to 
known stations is an application 
of the method . of resection 
e:i^lained- above, and is adopted 
in plane-tabling when sufficient 



Fig. 04. 

txigonometncal stations are available. 


6. DETERMINING POSITION BY ADJUSTMENT 
a piece of tracing-paper to the drawing-board with drawing-pms. Select three 
objects in the countiy which are shown on the map. Mark a dot on the paper to 
represent your position. S!rom the dot draw rays directed on each object, and wnte 
their names on the appropriate rays. Unpin the tracing-paper and place it on the 
map, revolving the paper until each ray passes through the object on the map corr^ 


sect, prick through the approximate point given by solution of the triangle of encor. 
u.r.G. ' 


ponding to the real object from which such ray was drawn. Jie-pm tne paper on une 
map,prickthrou^ the point of intersectionof therays on the tracing-paper, and your 
nosition on the man will be where the pin-prick touches it. If the rays do not mter- 
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CHAPTER XVI 

TRAVERSING 


1. INTRODUCTORY 

The essentials of a traverse are a series of connected straight lines, making 
various angles, the lines and their included angles being derived from measure- 
ments n-ith certain instruments. Angles are determined by taldng beamgs upon 
various objects vrith theodohte, prismatic compass, or plane-table. Idnes result 
from measurement with a chain, use of a cyclometer, passometer, or pedometer, or by 

niTTiplA pacing. A traverse riretch can be com- 
pleted in the field, or the observations can 
be taken, entered in a field-book, and the 
actual drawing done indoors. 

Eor accurate map-making, triangulation is 
much superior to traversing, but the latter is 
useftd (1) in flat and densely forested country 
where the sighting of trigonometrical stations 
is difficult, and, for similar reasons, in towns; 
(2) when speed, mobility, and portability of 
instruments is desirable. "When the last- 
named consideration is important, the 
prismatic compass is convenient. 

2. THE PRISMATIC COMPASS 

The prismatic compass (see Eig. 95)' is a 
circular magnetic compass, to which on one 
side there is fixed a prism, P, with a slit in it, and on the other side a sighting-vane, 
s, containing a hair-wire. An imagjna^ plane from the pnsm-sfit to the hair-wiM 
passes through the pivot-pin, which is the central point, 0, of the compass. This 
makes for case and accuracy in reading the bearings of objects sighted, because 
the surveyor can read the bearing without taking his eye from either sights or 
object sighted. This is because the prism enables the eye to see the figure just 
beneath it on the card. Eor this to be possible, a prismatic compass is graduated 
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the opposdte way to an ordinaiy pnamless magnetic compaes. That is, 180° 
is shown over the liTorth end of the needle, and 360° over the South end* 

There ate several iypes of prismatic compass, but the principle of using them 
is the same. The compass should be held firmly between the thumb and fingCTS 
of the left hand, one finger being conveniently near the check-stop, which is 
used for bringing the card to rest. The compass should be held so that the card 
is in a horizontal plane and so that the prism faces you. Use the thumb and 
first finger of the rigM hand to steady the compass, gracing the lim for this 
purpose. The prism and sight-vane of course should be raised before the compass 
can be used. It is used by closing the left eye, and looking throng the prism- 
slit with the right eye, the hair-wire being aligned on the object whose beanng 
is desired. It is important to align the sight on the centre of the object, and to 
stand so that you are facing the latter squarely. Should the card swing too much, 
make use of the check="stop, and when the card is at rest, note the figure wMch 
is in line with the hair-wire and the observed object. This is the beanng required. 

The method of using the prismatic compass seems simple when thus des^bed, 
but considerable practice is necessa^ before faoihty can be attained. It is veq^ 
important (1) to keep the compass card in a perfectiy horizontal plane to prevent 
the edge of the card coming in contact with the ^ss lid and being unnaturally 
checked^ (2) to stand squarely as directed so that accurate alignment of the 
sights can be made; (3) to keep the compass as steady as possible, so that the 
card may have natural play. ^ 

In a “liqmd” prismatic compass the needle comes to rest more rapidly. 
The graduated aluminium ring which is attached to the magnetic needle is 
completely immersed in a non-fceezable liquid in which it floats, and is thus kept 
very steady and ftee from troublesome oscillations. The ring comes quickly to 
rest, a series of bearings can be taken in much less time than with an ordinary 

prismatic compass. If the compass is used on a stand, greater accuracy results. 
Reference is made to page 14, where bearing is explained. 

The chief advantage of a prismatic compass is that it is, portable, and con- 
riderably more so than the plane-table, which, however, is much more, accurate 
the compass. A good prismatic compass is expensive, and certain errors 
are inddental to it, so that its accuracy may be impaired. It cannot be used in 
the vicinity of iron, as the needle is then affected and ceases to be a true guide 
to the IfTorth. Hence observations cannot be made near iron bridges, railway 
lines, railings, etc.; and rocks containing iron-ore may be a serious inccnvemence. 
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3. TO MAKE A FIELD-BOOK TRAVERSE WITH A PRISMATIC COMPASS 

Tlie field-book is an otdinaiy notebook, irith pages as long as possible 
compatible ^ritb reasonable ease in handling. Vertically dovm the middle of each 
page are ruled tn’o parallel lines half to three quarters of an inch apart (see S!igs. 98 
and 99). This column is knoTm as the chain colunm, and ite purpose is to 
contain entries relative to the main line of the traverse. It serves to keep -the 
entries clear of those in the ofiset columns on each side of it. In the chain 
column are entered as they are ascertained (1) the number of the traverse 
station, (2) the forward bearing read from the prismatic compass, (3) the distances 
measured or paced from station to station. Entries are 
begun at the bottom of the last page and work 
upwards on the page, thisprocedurebrangrepeated when 
a fresh page is started. This ensures that the chain 
column always points in the direction in which you are 
moving when making the travi^e. 

Having selected the station from which to begin, 
make in the chain column a dot with a small circle 
round it as you would do at the end of the base-line in 
plane-tabling. This symbol will indicate your traverse 
station. Write thcHoman humeral “I” nearit,indicat- 
ing and numbering subsequent traverse stations to 
correspond. Suppose you are traversing a road or 
route; with the prismatic compass take a forward 

bearing to where the first change of direction 

occurs, write the number of degrees, with the 

appropriate degree symbol, above the station mark in the chain column. 

Before yon leave this station, look on either side of the route for con^icuous 
objects within a range of, say, half a mile or more. Take the bearing of such 
objects, drawing in their approximate direction a line ficom that border-line of 
the chain column which is nearer the objects. Write along these ofiset lines the 
bearing of the object concerned and a name for subsequent identification. A 
second bearing on these objects must be taken fix>m another point along the 
traverse. One bearing on an object would give direction only. If only one 
bcarmg were used, it would be necessary to measure a chain distance along the 
first bearing in order to fix the position of the object. 
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Proceed along the traverse direction, paemg or measuring as you go, and look 
carefully on each side of the traverse for other oflset objects suitable for bearings. 
See Pig. 9 G for Passometer, which registers paces, and Fig. 97 for Pedometer, 
which registers miles or fractions of a mile (i.e. 80 3 ’ds.) traversed. When you 
see a suitable object, halt and enter in the chain column^the distance from the 
Inst station. Take the bearing of the offset object now noted, make entries of 
bearing and name as before, and again proceed. "Wlien the next change of 
direction occurs and a new forward bearing is necessary, draw a lino across the 
chain column, and above this hne indicate and number a new traverse 
station. Below the line should be entered the distance from the last station 

and not from the last intermediate stopping place. 

The procedure is the same until the last station 
has been reached. The method is easily understood. 
It may bo helpful, as a preliminary exercise in order 
to gain familiarity' with the ficId*book, to make entries 
of an imaginary traverse, the details of which can bo 
pictured mentally. Better still, if you know anyone 
who can traverse, persuade him to go out with you 
wmlffl a short traverse. Watch him carcfull}’ and 
try to apply our hints to his methods. Before actually 
attempting a traverse, it may be helpful to obtain 
preliminary practice in using a prismatic compass. 
Bearings (forward) can be practised almost anywhere 
and sometimes a check can be made by means of back 
bearings. A geographical student should attain reason- 
able facility in using instruments for the simpler types 
of surveying, but he is not expect^ to do practical work with the skill and 
precision of a trained surveyor. However, for the various examinations 
where inspection of the original note-books is demanded, there is necessity 
for (1) reasonable accuracy; (2) neat work; (3) acquaintance with the usual 
technical methods employed in survey work. This particularly applies to such 
work as field-book entries for traversing and their subsequent plotting into 
diagram form. The plotting is done indoors, and if this final work can be 
undertaken as soon as possible after the field observations, details of the 
actual country will be remembered more readilj' and the plotting will thus 
be easier. 
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For plottmg the bearings, wHoh result ftom an^es, a protractor w requ^d, 
and paper \rith paraM lines to serve as Bfagnetdo North-South hnes for plotl^ 
the beaW. They are termed zero-lines. ' Dravring paper can be prepwed mth 
Buch lines lightly pencilled and they are generally most convement wh® they 
coincide with the direction of the longer side of the paper. It is well to place an 

arrow-head at the end of 
one of these lines to Jtoneffir* 
represent Magnetic North. ori/i 

4. PLOTTING BEARINGS 
FROM A FIELD-BOOK 

To plot the first bearing 
(see Figs. 100 and— 101) 
entered in the chain column 
of your field-book, make use 
ofthe protractor with refer- 
ence to one of the zero-lines. 

Lay the protractor on the 
paper for the imgraduated 
side to oointide with or to 
be paralld to one of the 

zero-lines, and if the bearing • 

isbetween 0“ and 180“,have 
the graduated side to ‘the 
right of the zero-hne. If 
the bearing is between 180" 
and 360" see that the gradu- 
ated side of the protractor 

dSonX^aiet the centralpart 
(shown by an arrow on the service protractor, and by the end of ^e 90 peipen 

^ar Ike on the semi-circular pattern). Mark with ^^et dot on *e ^« 
the position on the graduated edge of the proteactor of ^ 

indicting the bearingtobe plotted. Remove Iheprotractor,^ draw a s^t 

Sie fi»m one dot to the other, and this, with reference to the zero-hne, is 
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the hearing of the leqiiiied object dia^m from the point where it was observed. 
This point is represented on paper by the dot coinciding with the centre of the 
ungraduated edge of the protmctor. .This bearing represents the first stretch 
of route before change of direction. On it, according to the scale sdected for 
the sketch, off the rdative length between the first two traverse 


stations. 

Ofiset bearings are plotted siniilarly, but care must be exercised to get, on 
the forward bearing from the first traverse station, the point from which the offset 

jjj bearing was taken. This is only 

a mat^ of noting how far such 
point is from the first station 
and adjusting the scale accord- 
ingly; 

The rest of the traverse is 
Bimilarly plotted, and there 
should be little difficulty once 
theprincipleisunderstood. Con- 
siderable practice is necessary 
.before facility can be expected. 
It is usefrd to make a few field- 
book entriesforashort imaginary 
traverse and to plot them. Li 
such exercises theknack of form- ■ 
ing mental images is helpful. 
For instance, try to visualise the 



by your imaginary field-book 
entries, and before you bc^ 
plotting try to visualise the sketch, or at any rate part of it, as it should appear 
on the paper. This method will give you some readiness of interpretation, and 
is somewhat comparable with the mental arrangement of the points of a mathe- 
matical problem before actually working it out. 

Date all field-book entries, also traverses when plotted, and on the latter 
also ^ve field-book date, with scale of the sketch. Such docketing will appeal 
to examiners desiring inspection of students’ actual note-books. Examiners wish 
to see original first-hand work. 
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6. ADJUSTMENT OF ERROR IN TRAVERSING 

Traversing cannot be nsed to make an accurate map of any large extent of 
couAtiy. There is always the possibilily tiiiat distance length may be exag- 
gerated, and that bearings may be taken inaccurately, perhaps through no faidt 
of the observer. The compass may be defective or may be influenced by iron in 
rocks near points of observation. Theodohte traversmg is rather more accurate, 
and is sometimes used in formal survey work in forested country such as 
Nigeria, where triangulation is hardly possible owing to the dense forests 
and the lack of suitable 
stations for observation. 

Traversing is also diffi- 
cult because paths must 
be cuithroughtheforest; 
and the hot, wet climate 
soon producesfeesh vege- 
tation on such dealings. 

However, traveidng 
has some uses, and when ' 
a traverse is made, it 'is 
desirable to check its 
accuracy. Themostcon- 
renient ways of doing 
this are — ' P 

(1) !E^m different Fig. 102. Adjustmekt of Tbaveme Ebrob. ^ 

h altin g-places in the line _ 

of traverse to take bearings on some prominent distant object, such as a church 
qjire or tower or a mountain peak. In the Fens, Boston Church tower (Boston 
“ Stump ”) is visible for many miles around, and bearings taken to it &om 
“ halts ” should theoretically intersect when plotted. In practice they would not 
be likdy to intersect, as few traverses are sufficiently accurate for such inter- 
section to occur. Hence this method is not very satisfectory.* 

(2) By distribution of error. By.refening to Fig. 102 the student can leam 
how errors in traversing ate adjusted by this method. 

P is the starting-point (a known fixed point), and Q the finishing -point of the 
traverse as plotted feom the fidd-book entries, but is the actual known fixed. 
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point ^rlicre the traverse finished. Join Q to Q' and thiongh the plotted stations 
d, c, b, a draw Knes dd\ ce', 66', aa' paiaUd to QQ'. Divide QQ' into as many 
parts as there are legs to the traverse (here five). On dd! mark off similar parts, 
but one less than on QQ'; on ce' mark off part less than on dd’, and similarly for 
66', aa'. Join Q', d', t', 6', o', P by means of the dotted line, which is the adjusted 
traverse, with the error distributed proportionately^, 

If the traverse is closed, it is possible to adjust angular errors. It is a 
well-known geometrical truth that in a closed figure the sum of the interior 

an^es plus four right angles is 
equal to twice as many right 
anglesastherearesides. Hence 
from the'sum of all the bear- 
ings we can take the sum of all 
the interior angles of the figure 
and distribute any difference 
equally among the bearings. 

6. CHAIN TRAVERSE. USE 
OF THE CHAIN 

In the survey of small 
properties, especially in de- 
tailed estate plans, a closed 
travrase is sometimes made by 
chain alone. What is termed 
a Gunter’s chain is generally 
used. It is 22 yards long, and 
is subdivided into a hundred links. Every tenth link is marked by a brass tag, 
and the tags are marked to show 10, 20, 30 links, etc., from the zero end of the 
chain. In measurement of area, ten square chains are equivalent to an acre. 
Besides the chain a few simple articles are required, namely, some pointed pieces 
of iron called “arrows,” generally ten, some ran^g-rods tipped with iron 
to mark stations, and a graduated measming rod or tape to ascertain the length 
of offsets. 

The essence of this type of survey is that the position of each feature must be 
determined by measuring its perpendicular distance fimm a strai^t line, which 


B 
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Fig. 103. 
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Itself should be the side of a triangle. These peipendicular iliaf.a'npfttj are p qlipd 
offsets ” and should be as short as possible. If the 7 are diort enough to be 
measured by a graduated offeet rod, the result is more likely to be accurate 
'if the offsets are so long that a measuring tape is 
required. 

In the survey of, say, a field, ABODEF,.the first 
thing is to make a rough sketch setting out suitable 
chain-lines, which indicate the sides of triangles, e.g. 
ah, he, cA, etc., to be measured with the chain. (See 
Fig. 103.) These chain lines should be as near the 
field boundary as possible, so as to obtain short offsets. 

One or two diagonal lines, e.g. ac, ae, etc., will be 
desirable to complete the triangles. 

The chain lines '^e measured by a nbn.iTiTni»i 
(leader) and assistant. The assistant holds one end 
of the chain at a point a which is marked by a ranging- 
rod. The leader takes the other end of the chain and 
sets out along ah with ten arrows. He is guided by 
signals (left or right of his 'direcrion) from the assistant 
until he is in a line with the rod at a. Then he pulls 
the chain tight and puts an arrow in the ground to 
mark the end of the chain. The asristant now moves 
to the arrow, the leader carries his end of the chain forward and the process is 
repeated until h is reached. Measurements are duly entered in the field-book. 
Before the chain is moved, offsets are measured from ah to suitable points alnn g 

the field boimdaiy. 

The field-book (see Fig. 104;) is 
to that used for a compass traverse. Two 
parallel lines about an inch apart are 
ruled down the middle of the page for 
chain line entries, starting at the bottom 
of the page. A sketch of the boundaries 
is made on the right- or left-hand of 
the page according as they are left or ri^t of the chain line, and measurements 
of ofibets are entered between the centre columns nnil the boundary. Tha 
circles and dots indicate stations. 
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In sloping ground the horizontal distance is leguired. ^ This is either read 
with a clinometer (see page 195) or measured by chaming-in steps. That is, one 
of the chainmen holds one end of the chain (c) against a ranging-rod (r) at a 
height which makes the chain seem horizontal when the other end is held on the 
ground. (See Eg. 105.) 


7. THE PEDOGRAPH 

The Pedograph (Fig. 106) is an automatic road tracer which reduces the me&od 
of traversing to a mechanical process and enables a person without previous 
trnining to produce a map to scale of 
any route walked over. The instrument 
consists of a recording device contained 
in a flat metal bosabout 12 inchessquare, 
and is carried by a sling in front of the 
operator. A compass with glass top and 
bottom, is let into the lid of 'the bos, 
and contains a pair of paralld magnetic 
needles, pivoted in such a maimer as to 
remain very steady notwithstanding the 
jolting motion of a walk. 

The route walked over is mapped on 
paper by a toothed wheel, which is 
caused to revolve by a pendulum 
oscillating vertically, in much the same 
way as the well-known pedometer ham- 
mer, but much more surely. The paper 
rests on a metal plate or plane-table and is gripped between the toothed wheel 
and a smooth wheel in the lid of the bos. As the toothy whed revolves it not 
only marks the paper, but also imparts a progressive action to it. In ordra to 
orient the paper correctly so that the distances recorded diow the proper direc- 
tions with all the angles and curves according to nature, the paper is ruled with 
parallel meridian lines, and these are visible bdow the compass needles. 

As the operator walks along, he keeps the meridian lines on the paper paralld 
to the compass needles, by turning a knob which projects firom the dde of the bos, 
and which slews the paper round. This adjustment is made with every change 
of direction shown by the compass needle, and the plan is thus correctly 
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oriented as it piogiesses. The smooth whed above the toothed wheel is supplied 
with ink fix)m a saturated pad, which renders visible the liadng tthi/Ia by the' 
toothed wheel. The operator’s position on map can be noted, and TTmTlroil^ 
and any necessary detail can be entered in a note-book under a wmilnT i^erence 
maik. The recording device can be adjusted to plot maps to different scales 
ranging from a ratio of 1/10,000 to 1/100,000. ' " 

A route traced by the Pedograph compared with the same route on an Ordnance 
map, showed distances to be correct within about 3 per cent, and directions 
within about 2 degrees of accuracy. It is interesting to note that a la rgn area of 
China has been successfully mapped with this instrument. 

In hilly country all the curves of a route will be ^own and reductions’ can 
be made by observations with a clinometer, but the Pedograph is not suitable 
for use in a mountainous country.^ 

Note. Professor P. Debenham's Map Malang gives an interesting method 
(1) of plotting traverse results by co-ordinates and (2) of adjustment. See Pigs. 
28, 29 in that book, -t^ch also (Pig. 34) gives example of booking an Aneroid 
Traverse. 

* For the ahovo desonption of the Pedograph we are indebted to Messrs. J. H. Stevaid, Ltd. 



CHAPTER XVn- 

CONTOURS AND CONTOURING 

1. VERTICAL INTERVAL AND HORIZONTAL EQUIVALENT 

In Cliapter IV. it yms pointed out that contouis form the basis of most methods 
of showing lelief. In connection with contouzing, explanation of certain terms 
is necessary. The Vertical Ihtenral (V.I.) is the difference between two snccestive 
contours. The Horizontal Equivalent (K.E.} is the horizontal distance between 
two successive contours. The V.I. on a map does not vary except when abnor- 
mally low or abnormally high groimd renders variation desirable. In the Pens, 
if the normal V.I. of 100 ft. were retained, many small reUef features would 
escape notice, so here contours of 50 ft. and 25 ft. are introduced. In the Scottish 
TTi gTiInni^q, on hi gh slopes, contouTS with 100 ft. V.I. would coincide, so a V.I. 
larger than 100 ft. is used in such cases, though 100 ft. V.I. may suf5.ee part of 
the way up the slope. 


2. THE SCALE OF SLOPES 


The scale of dopes must be considered in relation to the H.E., which varies 
according to the degree of slope. 

The base of a right-angled triangle with an angle of 1° opposite the perpen- 
dicular is 57‘3 times the length of the perpendicular. That is, for a slope of 1° 
the V.I. of 1 ft. corresponds to H.E. of 57*3 ft. The H.E. is always measured in 
yards, so 57>3 ft. = 19*1 yd., but to simplify calculation a round number, 20, is 
taken for this H.E. T n.THng D as the degree of slope, the above details con be 
expressed by formula giving apprordmato results for small an^es, viz. 


H.E. 


20 X Vi. 

S 


which is applicable to slopes up to 20°. Hence, if two of the terms H.E., V.I., 
and D. be known, the third can be found by a simple arithmetical calculation. 

100 



Sade of Slopes 


191 


A scale of slopes can be constructed to show the H.bi. for any degree of slope 
in connectaon with a particular V.Ii Thus, if the V.L be 60 ft.-^ 


and so on. 



X 

1 


1000 


X 




2 

** 

ouu 


X 

3 

60 _ 

333 


X 

4 


260 


X 

6 

i2 — 

200 


3" 

4 “ 

6 “ 


To make the scale, draw a line, and on it, bearing in mind the on which 
the^^p is drawn, mark off leng^ of 1000, 600, 333 yd., etc., and label such 
divisions 1®, 2“, 3®, etoT Scales of slopes should be drawn for, and used with, 
qiedfic maps. Except in very mountainous country, it will generally suffice to 
^w up the lengths of H.E. for every ^® ftom 1® to 16®. Krst, by Tnftn.Tin of the 
formula, after noting the V.L, reckon the necessary lengths for the TT-'F.. corre- 
sponding with, say, every J® of slope &om 1® onwards. Before constructing the 
scale, tabulate such lengthB''and work out their relation to the scale of the map. 
Always head the scale with the V.I. for which it is to be used, and also note the * 
scale of the map for which it is intended. 


3. INSTRUMENTS USED IN THE DETERMINATION OF HEIGHTS 

In making a topographical map, it is necessary to determine a ftamework of 
heists to serve as a basis for contouring. Some heights will be determined 
di^g triangulalaon and traversing when these processes are used, but others 
will be requhed. They may be determined by the use of certain instruments, 
namely — 

(1) The spirit level. 

(2) The theodolite (see page 160), which by giving vertical an^es, supplies 
data for the computation of heights of lofty peaks or other inconvenient points. 

(3) The clinometer, eqiecially lie Lidian clinometer. It is useful for measure- 
ment over short distances. , 

(4) The aneroid barometer. 

(6) The l^psometer or boiling point thermometer. , 
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Authorities reckon that the relative accuracy of the various instruments is 
comparable with their order in the above list, but the Indian clinometer is many 
times more accurate than the ordinary instrument. Eeasonably good, but not 
precise, levelling is held to give only an error of 0*3 ft. in about a 100 mL ray. 
Careful topographical triangulation, using the theodolite, might result in an error 
of 20 ft. in 200 mL, there being much less error in'the more elaborate methods of 



triangulation. A clinometer should not be used for a ray of more than 3 ml., 
and if carefully used will result in accuracy within a few feet. Under the most 
favourable conditions, an aneroid barometn used relatively to level or theodolite 
heights*^ should not give an error of more than 20 ft. If used independently, the 
error may be as much as 100 ft., and such on error is likely wiiii the hypsometer, 
which would only be used during expeditions or in newly-devdoped country 
when no other method was available. 


^ See page 107. 
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The Spirit Level 



The SmtiT Level. — The level (see Tig. 107} is essentially a telescope, T, 
mounted on a tripod, tr, and set at xi^t angles to a vertical axis. ‘By means 
of a pivot,,P, it can be revolved in a horizontal plane, and is so designed that 
objects seen on the cross-wires of the telescope are on the same level as such 
wires. There is a ^irit level, I, fixed rigidly to the telescope and parallel to its 
line of sight, scy. The levd, by 
. means of levelling-screws, s, s, is 
mounted on a plate on top of a 
rigid tripod. 

Sitting staves used with the 
level are from 10 to 16 ft. dong; 
they are graduated in feet, with 
subdivisions of tenths and hun- 
dredths of a foot. Sohaerimes the 
levelling-staff has a small spirit 
level attached to ensure that the 
staff- is held vertically. 

Using a Spirit Lend. The level 
is set up at L (see Tig. 108a), with 
the tripod feet on a firm surface or 
well pushedinto the ground, and by 
means of the levelling-screws it is 
adjusted so that the'bubble of the 
spirit-levd is in the centre of its run 
and is steady, no matter in what 
direction the telescope is pointed. 

The staff is held vertically 
by an assistant, who rests its foot 
firmly on top of a mark, M, 

whose height above sea-levd is known. The observer directs the telescope 
on the staff and notices where the cross-wires of the telescope out the latter. 
If it is 4*34 ft. the line of si^t of the telescope is 4*34 ft. above the level 
of the mark. 

The staff is moved to N, as far behind the levd as it was formerly in ffont of 
it. The telescope is turned so that it is directed on the staff in the latter’s new 
u.r.G. X8 
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position. Another reading is taken, say 14*75 ft. The bottom of the staff is 
now 14*75 ft. below the line of si^t of the telescope. That is, it is 14*75 — 4*34 
= 10*41 ft. below the level of the mark on which the staff was first held. These 
readings are entered in the level-book* the first being known as a “ back-reacbng,” 
the second as a “ forward-reading.” The difference between them gives the 
difference in level between the stations where the staff was set up, and the height 
of the level itself above can be. ignored. The level can then be moved to Lj, 
and tbc process repeated. 

The reason why the level should be the same distance firam the staff for back 
and forward readings is connected with the curvature of the earth. (See !Fig. 
1085.) The line of sight, of the telescope is perpendicular to the earth’s 
radius, FC, at the point, F, where the level is set up. In the line of sight L is 
nearer the earth’s surface than either N or M; it is nearer by xn or ym. But if 
N and M are equal distances from F, the excess xn and ym will be equal, and 
thus there will be compensation of any error. 

The distance ffom the leveFto the staff ^ould not be so great that the curva- 
ture of the earth will be marked. If possible, the distance should be under 
rather than over 200 yd. The earth’s curvature brings in an error of about 1 in. 
in 220 yd. lines of level need not necessarily begin at a point the level of which 
is known. They should either begin or end at a point of known levd, or they 
should end at the point where they began. In the latter case the line of level 
would be closed,' but some point in the line of level should be known so that 
errors in levelling can be detected. 

The Theodoute.— For an explanation of the theodolite see Chapter XIV. 
The vertical circle is used for measuring vertical angles, and the theodolite is the 
most accurate instrument for determining heights. 

The Clikometer. — ^The clinometer is an instrument designed to measure 
vertical angles. There are many types of clinometer, but the principle of each 
is essentially the same. 

The slope of an object is represented by' the number of degrees the object is 
out of the horizontal. That is, it is represented by the angle contained by (1) a 
straight line drawn ffom the observer’s eye; and (2) a horizontal line passing 
through the observer’s eye. Such angle is measured by the clinometer. It is 
easy to imagine a straight line ffom the observer’s eye to the object, but much 
less easy to obtain a really horizontal line. 


The Clinometer 
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A Horizontal line can be obtained by a qtirit level, and some dinometeis Have 
sncH a levd attacHed. A Horizontal l^e can also be obtained by first getting a 
vertical line and taking a line at ri^t angles to it as Horizontal. A vertical line 
can be obtained by means of a plnmb-line, wHioH is included witH some types 
of clinometer. 

The Ahney Levd. A 'well-known type of clinometer is the Abney level. 
(See Fig. 109.) This is essentially a tdescop^ T, to which is firmly fixed 
a protractor, F. This is read by a vernier, v, carried on an arm, a, pivoted at 





I!ig. 100. The ABSST-SxEWimD Befeeoiiko Level ahd Clikometeb. 


the centre of the protractor. A ^irit level, I, is fixed rigidly so that it is at right 
angles to the arm, which carries a milled knob, enabling the level to be moved. 
The spirit level is parallel to the line of si^^. TTnda the centre of the level there 
is a window, to, cut in the telescope, and inside 'the telescope is a small plane 
mirror at an an^e of 45° 'to the Ime of sight, xy, of the telescope. When 'the 
observer uses 'the instrument to find an angle of depression or elevation, he looks 
through 'the telescope at the object, which should appear on the cross-wire of the 
diaphragm. He then turns the knob carrying 'the q>irit level until he sees the 
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bubble of the level reflected in the mitior on the telescope cross*\riie. The 
spirit level is horizontal and the required angle is read. 

If the object is shown on a map, the observer’s position can be found by 
resection (p. 175), jind the distance calculated by means of the map scale. 

The Indian Clinometer. 
The most accurate contour- 
ing can be done with the 
Indian clinometer. This is 
a brass base plate with a 
bubble and leveUing-screw, 
and two folding leaves can 
be made to stand up, one 
at each end of the base. 
(See Figs. 110 and 111.) 
One leaf, I, has a small 
si^t. fllie other leaf, 11, 
has a vertical slit graduated 
along one edge in a scale of 
degrees and along the other 
edge in a scale of what in 
trigonomet^ are called tan- 
gents of degrees. The zero 
of each scale is at Z, on a 
level with the sight-hole, S, 
of the leaf I. 

The graduation' at x 
shows tile value of the ratio 
Zx 

-f,, which remains constant 
SZ’ 

whatever the distance &om 
S to the object sighted. 

If we look at the distant object, a' (Fig. 112), and read, say 0-2 at a, on the 
tangent scale, we Imow that the fall &om the level of the clinometer at S is 0- 2 
of the horizontal distance Sz'. The horizontal distance, by means of the scale, 
can be measured from the plan or ma^ It is desirable that a scale be drawn 
carefully for every plan or map made. (See Chapter 11., Scales.) 



Fig. 110. Ltdiah Cuxometcr. 
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Similarly, in Fig. 113 a reading of 0*2 at x would mean that the rise from 
the level at S is 0*2 of the horizontal distance SzK 


It is important that the height of tho clinometer above the station of 


observation should be subtracted from a 
fall or added to a rise. 

The A^'EROID Barometer. — ^The ane- 
roid barometer (Figs. 114 and IIG) is 
gradimtcd to show a scale of feet to con- 
siderable heights, such as 15,000 or 20,000. 
The principle of the instrument for rc.iding 
heights is that the reading of the baro- 


F 



Fig. 111. IKDIAK CUSOMltTEIt. 


meter varies with altitude, because the 


density of the air so varies and consequently pressure on the “drum” 
varies. It is necessary to observe corrections for temperature of the 
kilometer and of the surrounding air. Such corrections arc given in 
prcp.ircd tables. The reliability of the barometer varies with diiferent 
weather conditions. A rough check is possible by using two instruments 
and taking a mean of their readings. 



In using the barometer to fix the approximate position ot contours, the 
observer should work between points of known height. If ‘the student Imows 
the height of stations in a valley, say 5G8 ft., and on a hill-top, say 1,020ft., the 
barometer would be set to tho Imown height at the valley station. The observer 
would then move along some convenient salient, halting when the barometer 
showed the required contour readings (say with V.1. 100 ft.}. Such points where 


198 


Contours and Contouring 


the 600, 700, 800 ft. contouis aie shora should be fixed bj means of a plane-table. 
If the barometer reading differs ffom the lmo\m hei^t of the hill station, there 
shonld be proportionate correction of all the contours. 

Barometer heights are useful where it is not possible to fix a trigonometrical 
station, as in forestsT, deep valleys observed from a height, eto. 

The Htfsometeb. — This is a thermometer graduated from 180° F. to 212° F., 
which fits into a tube itself fitting into a small tank containing water and heated 
by a q>irit lamp. The principle underlying its use recognises that the temperature 
at which water boils is lowered as the altitude increases. By means of tables it 





" Eig . 113. Indus Cusomnixb. 

is possible to determine heists approximately after noting the reading on the 
hypsometer when the water boils and the mercury is steady. 

4. CONTOURING 

It is assumed that the general plan, vnOumt Ote hills, of an area, has been thiu^a 
by triangulation (see page 158) or traverse (page 180), and that it is desired to 
contour the ground systematically. 

It is best to begin somewhere near the highest part. First ATATninA the 
general character of the ground carefully, noting the principal salients^ and 
re-entrants which mark the most noticeable ^urs and stream courses: start 
with a hill. (See page 193 on levelling.) 

* A sjrar (salient) is a prominent feature projecting from high ground into lower ground. A 
re-entrant is a depression in the side of a hili. , 
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The first contour should be made at a Stance below the summit somewhat 
less than the V.I. intended. A line should be levelled round -the hill. 
P (see Kg. 116) represents the position of the observer from which this line 
is levelled. A piece of white paper is fastened to a staff at a hei^t above 
ground-level corresponding with that of the observer’s eye at the dinometer. 
Then, with the clinometer- at zero, a sight is taken on the paper on the 
stick at a. The stick is moved to other suitable positions, 6, c, etc., which 




iTl 
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are similarly fixed on the ground and then on the dcetch by resection, traverse, 
etc. The positions a, b, c, etc., must be the same height relative to F. 
TIibhh portions should be a guide to spurs or re-entrants, and by joining them 
the first contour is drawn. At each of the positions a, b, c, the map is set (see 
page 14), and rays (shown by dotted lines in the diagram) are drawn along the 
various q»urs nwil re-entrants. As far as possible they should be drawn along 
the ridge-line of a ^ur, or along the thalweg (= valley-line) of a re-entrant, and 
the slope is measured in their direction, but if there is a change in direction of 
the ^ur or re-entrant, the sketch must be set a&esh and another ray dmwn. 
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If preferred, bearings along the spurs can be takm with compass and 
plotted with protractor (see page 183) instead of obtaining rays by setting 

the sketch. , i. 

Now measure the slope, starting at a. The slope measures, say, 4i wittout 

any change of slope along the ray.- If the V.L is’ to be 10 ft., the H.E. tstH be 
44 yd., "Tiilj bearing in mind the scale, distances' corresponding to 44 yd. are 
marked offalongtherayonthesketch. Similaily, there is no change of slopealong 

the ray from 6 , and the 
same procedure isfollowed. 
The slope here is 4°, and 
distances cone^onding to 
50 yd. are marked along 
the ray on tiie sketch. 

Along the ray fiom e, 
the slope measures 3° for 
242 yd.,^ but then, at a 
point marked a; on Eig. 116 
it changes to 5°. From c 
to X mark off H.E. inter- 
vals equivalent to 66 yd. 
The last contour before the 
change of slope will be 66 
X 3 = 198 yd. &om 0,and 
the diange of slope is 242 
— 198 = 44 yd. beyond this 
contour. This is ^ of the Y.!., i.e. 6 § ft. with a slope of 3° and the remaining 
3a ft. with a slope of 5°. For V.1. 10 ft., H.E. for slope of 3“ is 66 yd.; therefore 
for 63 ft. of the V.I. it will be 44 yd. First contour after change of slope 

= = 13 yd. &om point of change. 'Indicate this contour by y, and from 

y mark inter\'ab to correspond to 40 yd. H.E. for 5° slope. 

The process is continued along the other rays, \7hen the Crestline is near the 
head of a watercourse, direction of latter should be sketched as a guide. 

In measuring the slope, very small undulations can be neglected, but if at 
the change of slope there is anything, as a tree, about 5 ft. high, the angle of 

^ is fixed on sketch and scale gives 242 yd. from c to 


I 

I 

I 




To Contour a Sand Dune * 


201 


depressioiitolilietop of this objeotshould be takeii bytbe observer standing. "Wbere 
no snob object intervenes, the dinometer sbonld be read close to ^e ground or staves. 


If the point P coinnid es ■with the qaot hei^t of an offidal topograpMcal map, 
the contours be n'umbered rdative ■to it. If no such height is available, ■the 
contours are merdy rdative 'to one ano'ther, and 'the lowest can be reckoned as zero. 

■When-points for the contour lines have been fixed, it is wdl to check the work 
and by ddiberate observation to fix the position of at least one contour, e.g. o'6 V, 

• v _ .V ^ 


other than the initaal contour 
aba. This can be done by 
levelling as in the case of the 
inilaal contour. 

To Contowr a. Sand Dune. 

Pirst draw a rough'plan of 
the dune, not attempting any- 
thing but a rou^ approxima- 
tion to scale, and indicate lines 
along which si^ts are to be 
taken. (See Kg. 117.) 

Certain prdiminary con- 
siderations are necessary. The ’ 
horizontal scale must be select- 
ed, say 1 in. = 26 yd. or 60 yd. 
according to the size of the 
dune; the Vertical Laterval 
must also be sdected, say 10 
ft., and a scale of dopes must 
be constructed as explained in ' 
'Section 2, pa^ 190. 


K 


H 



Fig. 117. COBTOUBS OF Sabd Dubz. 


by levelling a line all round the dune at a smaller distance fi:om the 
crest than the Vertical Interval; a suitable distance would be 6 or 6 ft. Points 
from whidi d^ts are taken must be on this line, e.g. A, B, C, D, B, P, G. 

Next dedde the lower points to be dghted ficom these stations, e.g. 
H:,K,L,M,N,S,P. These are to be the same height above sea-levd. 

Observation by dindmeter' shows AH to be 6“, BK 8°, CL 16“, DM 20“, 
EN 6“, PS 8“, GP 7". 
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Use is made of the table of slopes. 

The H.E. for AR is 40 yd. (also for EN) 

BK ^^-^5 = 25 „ (also for FS) 

CL ®-5^=12JS, 

DM ?^|^ = 10 „ 

GP 20^^28^^, 

Choosing a suitable scale, mark off ffom the rays AH, EN distances correspond- 
ing to 40 yd., on BE, FS, corresponding to 25 yd., on CL, DM, 6F, corre^onding 
to 12^, 10, 28$ yd., re^ectivdy. Then join l^e points of interseotion, sketching 
in to ^ow the contours. 

' The precautions necessary in taking observations are (1) that the line of 
si^t must he parallel to the ground, and thus the object sighted should be the 
same height above the ground as that of the clinometer; (2) that a check should 
be taken by reading ficom the first object sighted to the observer’s original position, 
and the angles read should be equal, but in an opposite sense; (3) that a fresh 
reading tiiould be taken from the oti^nal position if the mean of the readings 
taken under (2) differs much from the original reading. 
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HINTS FOB THE INTERPRETATION OF GEOLOGICAL MAPS 
1. THE NATURE OF GEOLOGICAL MAPS 

Geological inaps are very useful to the geographer' in helping him to 
understand the character of physical features and soils, the distribution of 
minerals, and the problem of "water supply. He does not need to study them 
with that intensity and attention to technical detail necessary in the case 
of the trained geologist or the mining engineer, but he must grasp certain 
broad principles. 

Geological maps contain information with respect to the nature, age, and 
relation of rocks which constitute the upper part of the earth’s crust. They also 
indicate the way in which the various beds of rock are inclined. It is possible 
to draw sections illustrating the relative positions the rocks would occupy in a 
solid model. Such sections are a great help when we exa m ine the physical 
geography of a region of contrasted relief where hills and valleys alternate. Both 
Ordnance Survey and Geological maps can be read "without dra’wing sections, 
but practice in drawing such sections leads to facility in grasping the essential 
details and in interpreting the map. 

The geological map, in addition to details concerning the rocks, contains 
much of the information given by the brdmary topographical map, such as 
streams, routes, and settlements. One-inch Geological Survey maps show contour 
lines, bench marks, and trigonometrical stations, but it is an advantage to use 
ah Ordnance Survey map for the relief, because the data can be more readily 
seen. 

The geological map, by means of different colours or stippling, shows the 
character and extent of the rocks which constitute the earth’s surface. Symbols 
are used to denote the position and extent of mineral veins and fractures (kno'wn 
as “ faults ”) which have affected the general relationship of rocks in some 
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districts. These can he seen in the keys printed on the warg in of all geological 
maps. The following symbols may be specially noted: — 


xoo Denotes B dip (m quarries, railway outtings, 
cto.) of 10^ to S.E. at the point where the 
arrow appears on the map. , 

AdipofS^toN.TT. 

\ Indicates direction, but not amount of dip. 
(UsDally dip is small in these oases.) 


-t* Indicates horizontal strata.' 

X Indicates vertical strata: longer line ^ves 
X strike direction. 

X Undulating beds. 

^ AnUdinol axis (top of an ardi of upfold). 
X Synclinal axis (t,e. bottom of a downfold). 


For England and Wales there are two kinds of geological maps for certain 
districts, namdy the solid and drift editions. The solid map shows everything 
except glacial deposits, and includes peat, alluvium, river terraces, older river 
gravel, blown sand. The drift edition shows all recent deposits as well as 
(1) glacial drift; (2) older formations where these are not covered by any of the 
newer deposits. Drift maps are published for those regions, e^ecially Eastern 
and Northern England, which were formerly overlaid by the ice-sheets of the Ice 
Age. When possible, both the drift and solid geological map of the region should 
be used. The former is invaluable m e^laining the soil vanations; the latter is 
useful for study of land-forms and water-supply. 


2. THE CLASSIFICATION OF ROCKS ACCORDING TO ORIGIN 

Nocks of the earth's crust, according to their origin, ore divided into three 
main classes; (1) igneous, (2) sedimentary, (3) metamorphic. 

Igneous Nocks. — ^These are due to the cooling and solidifying of molten 
matter. They comprise lava ejected from volcanoes and from fissures (or cracks 
in the earth’s surface), as well as molten matter which has crystallised below the 
surface and was exposed when erosion removed overlying rockt Granite and 
basalt are well-known igneous rocks. 

SEDiMENTAitiV NocKS. — Sedimentary rocks have accumulated as sediment at 
the bottom of seas, lakes, and river mouths, and were formed in relatively hori- 
zontal layers, though since formation they have often been changed by certain 
forces from their original horizontal position. Some sedimentary rocks, such as 
sand, arc due to accumulation of fine-grained material, largely quartz, which 
has been worn down by wind from debris eroded &om other roclm. 
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'Well-known scdimcntaiy xocks are sandstone, grits, clay, skale, limestone. 
Sandstone is formed when sand is made cokerent by some cementing material 
such as calcium carbonate or oside of iron. Grits comprise sandstones in which 
the original grains of sand are mainly angular. Clay is a fine-grained deposit, 
largely a hydrated silicate of aluminium, which is plastic because of the moisture 
which it contains. Shale is a clay or silt which has been hardened and laminated, 
that is, arranged in a series of layers. lamestone consists mainly of calcium car- 
bonate derived &om shells and skeletons of shell-fish, corals, and other creatures 
in the sea in which it was formed. Limestone is either hard or soft, in which 
latter form it is known as chalk. Not all limestones or other sedimentaries have 
originated “ first-hand,” some are due to wearing away of former sedimentary, 
igneous, and metamorphic rocks, and to redeposition of the debris. 

hlETASiOBFHio BoCKs. — ^Thcse have been formed by some great alteration of 
some other rock, which, before change, may have been of igneous or sedimentary 
origin. The alteration has been due to. great pressure, heat, or a combination of 
heat and pressure. Metamorphic roedrs arc generally very highly crystalline, and 
those due to pressure usually much crumpled and contorted. Gneiss, crystalline 
schist, marble, and slate, are metamorphic rocks. 

S. THE CLASSIFICATION OF ROCKS ACCORDING TO AGE 

Bocks are also classified according to their age, and a grasp of this method is 
necessary to understand geological maps. The rocks are divided into groups or 
formations according to their geological age. Some of the principal formations 
noted on British maps are here given, arranged in the order normally followed 
in keys to the geological map, namely, the newest rock at the top and the oldest 
at the bottom. The lowest formation takes number 1 and letter a, and other 
numbers work upwards with letters according to alphabetical order. 

26 Recent and Fldstocenc, comprising alluvial drift, such as silt and gravel; peat; 
glacial drift, such as boulder clay, sand and gravel. 

25 Pliocene: a group of sheUy sands and gravels, with occasional seams of clay. 

21 Oligocenc: shelly clays, sands, and limestones. 

23 'Upper Eocene: sands and clays. 

22 Lower Eocene: clay (London and other clays), and sands. 

21 CheJk. 

20 Upper Greensand and-6ault Clay. 

19 Lower Greensand. 
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18 Wcalden: Weald Clay, Hastings Beds (smds, sandstones, and clays). 

(Nos. 18-21 are known as Cretaceous rocks.) 

17 Pnrbeok Beds: clays and limestones. ■, x -o- rn«-T 

1R Tinner Oolite: Portland Beds (limestones and sands), &mendge C3ay. 

15 liBddle Oolite: Corallian (limestones and sands), Oxford Clay, K^arrays Bed& 
14 S oS Wmot OoHte «.a lim«t(»e). OoLt. (day. did 

and limestone). 13 to 17 are known as Jurasac rooks.) 

12. Upper Trias (Rhaetio,Keupet): marls, Aales, cand^n«, and rock salt. 

11 Lower Trias (Banter): sandstones, sands, and pebble-beds. 

10 Permian: (o) magneaan limestone, ( 6 ) sandstone, conglomerate, marl. 

9. Coal Measures: shales, sandstones, clays, fire-clays, iron-ores, 
s! Millstone Grit: grits, sandstones, shales. 

7. Toredale Series: shales and limestone. 

6. Carboniferous lamestone. , ^ . 

5. Devonian: shales, grits, and Old Bed Sandstone. 

4. Silurian: shales and-^ts. 

3. Ordovician: Kmestone, slates, and gnts. 

1." S^Cmbrian ^ ”^j^an: schists, dates, grits, Torridonian Sandstones. 
Such rocks are largely metamorphio. 

Nos. 2-26 above are biassed as sedimentary rooks, and contein foss^. 
are broadly arranged in groups according to age, nainely Primary, tte oldest. 
Nos. 2-9; Secondly, Nos. 10-21; Tertiary, Nos. 22-25; Quater^, No. 26. 

Some pre-Cambrian rocks, e.g. Torridonian Sandstone, are also sedimentary 
• • • 

°^eous rooks are of all ages, some of the best-known bemg granite, basalt, 

and serpentine rocks* , ^ ±1 

On geolorical maps rooks are distinguisbed by vanous colours, and roinebmes 

by the addition of a dislanguisbing letter and number, for example. Pleistocene 
rocks are shown by buff and the letter 1; Cretaceous by vmous shades of^en 
and the letter h: Wealden Beds by h\ Lower Greensand hj 7i», Gaidt by h, 
etc.; Jurassic by browns and yellows and the letter y; Tnasstc by pinks and 
the letter/; Cambrian by pale grey and the letter 

Igneous rocks are always put at the bottom of an mdex list, whatever their 

age. Basaltisshownby the letters, granite by G. . 

There are special colours, Trith symbols, to indicate peat, alluvium, nver 
terraces (often gravel), boulder clay, glacial sands, and gravels. 
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4. THE INTERPRETATION OF GEOLOGICAL MAPS 
In interpieting a geological map, the first thing to do is to e:mnmie the map 
generally in oidet to see what formations ace depicted on it. Then look for drift, 
which may occur in fair- 
ly contannous strips and 
patches, or in very small 
patches. It is well to 
realise that all drift is 
but a thin layer resting 
on the solid beds, and as 
aruledetailedconsidera- 
tionofdriftshouldbeleft 
until the solid rock has . 
been examined. Atfirst 
it is well to picture the 
map as thn ngh the drift were not there.' Sometimes the junctions of the solid 
rocks below the drift are shown by dotted lines, as in Slg. 118, and Eig. 119 

showshowthesolid beds should 
be pictured apart firam the 
drift. 

Beds of sedimentary rooks 
were laid down as relatively 
horizontal sheets (or strata as 
they are sometimes termed) of 
fairlyuniformthickness. Many 
strata have later been tilted 
and folded, thou^ the tilt or 
fold was often very slight. 
Despite such folding or tilting 
the strata lie one on the other 
very like thepartsin the volume 
of a periodioal. Thus, if any 
particular bedoatcrops(or appears at the sur&ce) it is easy to reach an older bed 
below it. 

After general examination of the map and picturing it apart fcom'the drift, 
you should ascertain where the newest or youngest beds lie. 'In Fig. 120 it 'is 
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evident that there is considerable outcrop of 7t® beds towards the east. Unless 
there is distinctly high land in the east, a fact determinable from the relief map, 
it is clear that the series of deposits to 7»® must have a “ dip ” (or downward 
trend) towards the east (Kg. 121). The beds A® must drop some considerable 

depth below the'suiface to allow room for the other members of the series. This 
method is reliable in picturing the dipof beds inielativelyfiator undulating country. 
The inclination or dip of the bed must not be confused with slope of the ground. 

K the ground rose towards the east, the strata might lie relatively hori- 
zontally (Fig. 122) or might dip slightly towards the west (Fig. 123). When lines 



I'ig. 123. Fig.124. {Fig.l25isBeeUonfromS.E.tolf.W.ofFig.l24.) 


indicating gcolo^cal junctions run roughly parallel to the contours (Fig. 124) 
the strata are generally horizontal. When the beds are horizontal, outcrops of 
the newer rocks are found wherever there are hills, and not merely in one par- 
ticular part of the map as might be the case when there is a tilt. The patches of 
newest rock forming the hill-t<^s are termed outliers. In such a case it is easy • 
to visualise the profile of the country, to see it as it were, like a block model which 
has been' cut downwards to ei^ose a “ section ” showing the various strata. 
(Fig. 126.) Outliers could occur in other ways, not necessarily on hill tops. 

Beds, however, are rardy quite horizontol. Wherever there is a sUght dip 
the geological junction lines cut across the contours. In Fig. 126 at A the junction 
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is 600 fb. above sea-level; at B it is only 400. Then there is apparently a ^p of 
100 ft. in a south-easterly direction along the line AB. 

If the junctions are independent of the contours and the outcrops are narrow 

(Fig. 127), the beds are nearly or quite vertical 
(Fig. 128). This does not often occur. Beds 
Upping gently are more usual. Diagrams 127 to 
134 illustrate dip. 

Dip is expressed in degrees firom the horizontal. 
Where it can be observed in quarries, cuttings, or other exposures, it is shown 
on the map by dip arrows. The dip is denoted where the poitU of the arrow 
is on the map. Often a dip arrow withoutnumber is given: in such cases direction 
but not amount is indicated. 

Deference is here made to the true or maximum dip, and not to what is 
known as apparent d^. True dip is in a direction at right angles to the strike; 
dip in any other direction is less and is termed apparent dip.. The strike of a 


bed is its intersection with a level plane. Such terms are illustrated in books 
mentioned on page 244. 

' Note that Figs. 127, 129, 131, 133 are maps, and Figs. il28, 130, 132, 134 
approximate geological sections. Fig. 128 being made from Fig. 127, etc. 

Where strata have been folded in* the form of an upfold or arch, sometimes 
called an anticlme, a strip of old strata is bounded on both sides by newer forma- 
tions (Figs. 131, 132). Where folding has been in the form of a downfold or 
syndine, outcrops of older rocks are on both sides of a strip of newer rocks 

M.P.O. ' , 14 




A* 

A' 

Fig. 125.' 
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(Figs. 137, 138). Fig. 138 might he the section of a “ basin ” as \rell as of a 
do\ 7 nfold. The axis of both an npfold or domifold may be hoiizontd, though 
it may ptch ox slope one or two ways. 

The above diagrams axe generalised sections drawn approzimatdy, but sections 
should be* drawn carefully from the maps with attention to available data. 

In the diagram (Fig. 139) 6 represente the angle of dip, x the width of outcrop. 




136* 


y the thickness of the bed, and z its depth. If the width of outcrop (measurable 
from the map) and the angjle of dip are known, the other values may be calculated 


thus: — 


‘j^sssBuiO; s=:a;tan6. 


Sin 6 and ten 6 can be found £com a table of natural sines and natural tangents. 
And a; tin 6 means sb multiplied by value of the sine of the angle 6. 




Fig. 138. 


The thickness or depth of a bed can be obtained graphically. Thus (Fig. 139) 
draw "Ti glft TJMP (i.e. 6) equal to the known angle of dip and ma^ off ffom M along 
MN the width of outcrop WDST (=»)• Toobtain the vertical depth of the bed, draw 
ftom N a line UP at right angles to MN, cutting MP at P. This line MP (= z) 
is the required vertical depth. The true thickness is given by dropping from N 
a line NQ (— y) perpendicular to MP. This line NQ is the true thickness. 
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Dip, 'sridth, and iihioTaiesa being known, we nse such data in an ordinary 
topo«T:aphical section drawn to scale from a contoured map. Note the sMtion 
(Figrill) dra\ni from tlie contoiired map (Kg. 140), the geological data oemg 

duly filled in from the geological map (Kg. 142). . 

A solid geolo^Ml map shows the rooks in ««m, that is, m their own 
where formed. A soUd geological map of Linoolnshire will show the chalk oftte 
Wolds, the limestone of the lancoln Heights, the clay of the vale west of the 
Wolds These rocks in many places are mantled with boulder clay, glacial 
sand, and gravel associated with the ice-sheet which once covered this coimtry. 
These glacial deposits, as well as the alluvial depoats due to streams, ate sho\m 

onthediifbmap. Thebestwaytocombmeartudy 
of contours and geological data is to make tracings 
of (1) the contours, and (2) the streams of the relief 
map, (3) the solid geological map, (4) the drift 
geolo^cal map. These can be placed one on 
another... The drift map e3q)lains soils, boulder 
clay ^ving heavy soil difficult to work, and sand 
giving poor light soil; and it also* accounts for^ 
the character of the clay in the Lincolnshire 
and Norfolk marshes, and the character of the 
boulder clay clifk of Holdemess or the “ island ” 
sites of gravel in the Fens where towns were originally built. There are no 
glacial deposits in Britain south of the Thames, and thus drift maps are not 
necessary here. 



Fig. 139. 


5. GENERAL GEOGRAPHICAL FEATURES OF CERTAIN ROCKS 
The Clay of the Iiondon Basin forms undulating country, well timbered 

and mostly grassland, but the soil is stiff. The Chalk of the scaiplands, because 
of its uniform rehouse to erosion, forms smooth, rolling, down country, like the 
North and South Downs, the Wolds, and Chiltems. The Lower Greensand forms 
gorse-covered, heathery commons and pine woods, like Hind-h^d and Leith Hill. 
Weald Clay and the Sand and Sandstones of the Hastings’ Beds give picturesque, 
wooded, and cultivated areas in the Weald region. The Eimeridge Clay forms a 
scries of vales, affording rich pasture land suited for dairying in Dorsetshire and 
Wiltshire. The Osford Clay vales in Wiltshire, Bedford, Lincoln, and Yorkshire 
have similar characteristics. The Zamestone, as a rule; forms hills, like the 
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Cotswolds and iihe Clevdand Hills. The Pennian Sandstones ^ve picturesque 
hilly country, Twth deep red lanes and ferfile soil in Devon and Somerset.^ The 
iWiiirfOTiift Grit forms hi^ moorland regions, -with picturesque crags, as in the 
Pennine district. The Carhonifeious Ismestone pves a “ karst ” lype of country, 
Tfith underground damage, etc., in the Mendip region of Somersetshire, or the 
Pennines in Derbyshire, where it tends to be picturesque moorland. The hard 
Devonian rocks, Slates, and Sandstones form hi^ moorlands, mainly bro^, 
rounded with steep slopes. The Silurian sandstones, shales, gnts give 
hi gWnnil like the Lake District and Southern Uplands of Scotland. The 



Ordovician rocks ^ve the mountainous district round Snowdon and the router 
of the Tifllrfl Distnct. Mountains and moorlands axe formed by the 
ffamKrinTi rocks, as in Wales, the Malvems. Granite and other (^talline ro^ 
are associated with rugged mountainous or upland country, as in the Scottish 
rn gTilan/tB and the hi^er land of Devon-Comwall. 

The foregoing are intended to provide for the simpler general cases of 
geological data, and are merely introductory to more technical trfeatment in 
^edlalised textbooks. Hence, such important subjects as faulting, the various 
TnTn=lB of folds, overthrusts, etc., are not treated' here. 
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&ream (^eqiing tri^ Stnxan &tetjdng , 

eiW ¥«"«’ 1 ' _ / 

• ■* I « . at 

Fig. 141. Geologxoaii Seoteoit aoboss pabt of LmcoEirsHXBE Wolds. 


Boo Figs. 140 and 142. Vertical Scale exaggerated 6} times. section is adapted from the 
EcloTant Geological Survey Memoir hy permisdon of the Director of the Geological Survey. 
a ^ Samoridgo CSay; b = SpUahy Sandstone; c Toally Clay; d « Tcally Sandstone; 
e s Caxstone; / <= Chalk; p bs Glacial beds (mainly honider day). 



r ALLUVIUM (lUONG STREAM VALLEV) FiTl GLACIAL GRAVEL BOULDER CLAY 

CHALK Riddle AND LOWER) lower cretaceous KIMERIDGE clay 

C A L As INDICATE VILLAGE SITES NOTED IN FIGS 140 fr 141 


Fig. 142, SiMPLXFXED Geoioqzoal Hof. 

Based, hy permission of the Director of the Geolo^cal Surveyt on the one-inch geological map 

(drift edition). 





EXERCISES ON FART I 


These exercises deal znaioly with practical work connected with the study of 
maps. They axe grouped into sections, at the head of which reference is made 
to chapters dealing with the subject of such sections. 

Scale is important in map study, and thus several questions axe devoted to 
the construction of scales and questions on their use. 

Several questionSj-^mainly on contoured maps, have been given as preliminary 
to questions based on actual Ordnance maps. '[Die questions on contoured maps, 
as well, as the maps themselves, axe mainly, by kind permission of the Local 
Examinations Syndicate, Cambridge XJniversily, &om various Cambridge School 
Certificate and ^^er Cratificate papers. 

Many esdhaustive questions axe given on Ordnance maps reproduced by 
official sanction. Study of such maps is veiy important and exercises on them 
. should be carefully worked. ' 

Questions dealing with weather maps, general atlas maps, distributional maps, 
and map projections have practical bearing. The actual construction of distri- 
butional maps and graphs can bo made from statistics in such publications as 
WhiUiher, the Statesman’s Tear Book, etc. It is not desirable to load a book like 
this with statistics, but questions axe given to test knowledge of the prinniplBa 
underlying construction of distributional maps. 'This is the form questions 
usually take m examinations, the actual construction of such maps being a ratirn 
lengtiiy process. 
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Scales 

(i^ee Chapter n.) « 

1. What are the Representative Fractions of the Britid Ordnance Maps on scales 
respectively one inchp half*inch, and quarter-inch to the mUe 7 

What statements of scale in cm. to the Km. corre^ond to the above-mentioned maps 7 

2. Which is on the larger scale: the Briti^ one-inch Ordnance Map or the French 1 ; SOpOOO 
map 7 Give a brief reasoned answer in support of your sthtement. 

3. Construct suitable scales in cm. to Km. for the maps mentioned in Question 1. 

4. Draw suitable scales in inches to the mile and cm. to Km. for the International Map 
(1:1 million). 

6. Find tho Representative Fraction for each of the following scales: 6 ml. to 1 in., 5 in. to 
1 ml., i cm. to 1 Km., 2 cm. to 1 Km., 5 in. to 1,000 links. 

6. Construct a scale of 4 ml. to the in. to show half-miles, and one of 6 in. to tho ml. 
to measure 1,000 yd. 

7. A racing motorist, travelling at 90 ml. per hr., covers a strai^t length of road between 
two points, A and B, in 10 min. If the distance between A and B measures 6 in. on a map, what 
is tho BF. of this map7 Give a reasoned answer, and construct a scale to show miles. 

8. You are given a ma^, x, for some 40 sq. ml., showing the results of careful triangulation and 
systematic contouring. It is on a rather larger scale than 1 : 63,360 and considerably leas than 
1 : 10,560. If you have sheets of Hho one-inoh and six-inch Or^anco Map of the same country, 
say how, by using either of these Ordnance Maps, yon could ascertain the scale of the map x. Draw 
a suitable scale for it showing 1,000 yda intervals. 

9. To construct a time-scale, for, say a map of scale 1 in. to 1 ml., for a person walking 4 ml. 
per hr., note that4in.rcprcscnt 4 ml. (covered ini hr.}. Draw a line 4 in. long, bisect it and number 
the centre os ''O’* and the right-hand end as "30 min." half of the line to the left of 0 can bo 
divided into three equal parts, each representing 10 min. and numbered (right to loft) 10, 20, 30 min. 

Discuss the practical value of such a scale, and construct scales to show the distance 
traversed by on exploring party traveling 2} ml. per hr., using maps of scale 1 : 50,000 and 
1 : 63.360. 

10. Youhavethrccmapsrespcetivelyonascaloofl: 60,000,1:63,360, 1: 80,000toreprescntparts 
of a region for which a map on a common scale of 1 : 60,000 is to be made. If sides ofgrid squares 
on the redrawn map are to bo 1 in., what ate they on tho other maps 7 Give a reasoned answer. 

Draw scales for tho now map to show miles and Km. respectively. 


CONTOUBES AES PHYSICAL Map s 
(See Chapters V. and VI.) 

The questions 1 G. 8, 13, 14, 15, 17 and relevant maps are taken from Cambridgo School 
Certificate papers, and 19, 20 from Cambridge Higher Certificate papers by kind permission of 
tho Local Examinations Syndicate of tho University of Cambridge. Additional questions on tho' 
maps arc also given. Maps are on a smaller scale toan in the examination papers. * 

These questions arc very useful as an introduction to tho fuller analysis of Ordnance Survey 
Maps, such os tho analysis given in Chapter VII. 

^ Do not attempt merely to describe the map, but endeavour to see in thxeo dimensions whai is 
behind Me map, T^y to sco mentally and to describe what tho map signifies, and remember that 
tho map is really a kind of geographical shorthand noto of tho actual country. 

In addition to attempting the actual questions set on these maps, it is possible to use the maps 
for practice in interpreting details referred to in Chapters V., VI. 
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1. On tho map (Fig* 143) given yon, contours aro drawn for ovciy 250 ft* 

(i) Draw in neatly (a) tho coniso of tho stream, whxdh enters tho sea near A; (6) its chief 

tributaries* 

(ii) What is tho approximate hc^ht of tho highest point of tho island 7 Mark its porition 

by an arrow. 

(iii) Calculate tho approximato scalo of tho map, and cn^lain how your result is obtidned. 



(iv) Caloulato tho average slope from B to X. 

(v) Compare tho view obtained from X with that from Y looldng cast in each cose* 

2. Enlarge tho map (Fig. 143). say to tmeo tho sizo, and draw tho contours in pencil* Identify 
tho valloys and trace in ink tho course of probable streams* 
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3. Write notea on the phTaieol duTOoteriatica of iho Tall(^ as suggested hy the contonxs in 
Fig. 143f e.g. \rhat yon could fcazn from longitudinal and eross*scction 9 , oto. 

4. Identify features such as escarpment^ spur, ridge, plateaut ool in Fig. 143. 

6. Suggest the types of scenery noticeable in a coasting royage round the island. (Fig. 143.) 
0, The map (Fig. 144} is drami on the scale indicated bdotr. Contours are draim at 100 ft.y 
at 200 ft., and upwards for oTezy 200 ft. 

(a) Shade li^tly in pcndl the parts between 800 and 1000 ft. 



Fig. 144. 


(6) Fartofthocoursoof a stream is shown flowing at A into the large estuary. Drawinfrom 
their sources the courses of tiio headwaters of this stream. 

(c) Towards the K.W. of the map, the mouth of a stream is shown flowing into the sea at B. 

Draw in pencil the water-parting (t.e. the divide) of the basin of this stream, as far as 
it is shown on the map. 

(d) JSiiha‘: Comparo the viows to the cast and to the west from the commanding position at 

Y. Bemcmbcr that your field of vision is about GO*; 

Or, Describe the direction and character of the small road, indicated by a broken line 
from C to D, tbrougb X (750 ft.), and calonlate tbo gxa^ents in the steepest 
parts on either side of X. 
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7. In Fig. 144. (a) Identify tiieTaiions physical featnresl^ means of the oontouxs. (6) Describe 
the features assodated irith the lazge river flowing northward into the sea. (e) D^tnibe the 
c^raoter of the coastal lands. (<Q Compare the coastal plan with the flood-jda^ of the river 
noted in (6). 

8. Study the map g^ven in Fig. 146. It is contoured at vertical intervals of 100 ft., and 
shows all the surface stmams of the area. 

(а) Calctdate the approximate area in square miles of the country shown on the map. 

(б) Shade the parts more than 600 ft. above sea-levd. 

(c) Print the words gap/' “ esoaxpmenV’ " dry valley " in their appropriate places on 

the map. 

(d) Describe the chief 

features of the 
relief of theland. 

(e) Two raUways tra- 

verse this area, 
one from north 
to south, the 
other from west^ 
to east. InaertT 
, them on the 
map. 

9. Describe the features 
associated with the river 
shown on the map (Fig. 145), 
and compare the ohataoto 
of the valley at different 
parte of its course. 

10. Compare the 
streams hi the 6.E. of Fig. 

146 with that in the S.W., 
and make some comparison 
of the landscape likefy to be 
seen in different parts of the 
region mapped. 

11. -Enlarge tiie map 
(Fig. 146) to three times its 
present size (see page 12), 
and draw thrra or four dia- 
grams riiowing cross-seotions of the valley at different points. Describe my differences in the 
type of valley riiown by such sections. 

12. 'Suggest where, on Fig. 145, village rites are, and are not, likriy. Su^st any negative 

effect of the river on looation of i^age rites and say what use would probabfy be made of the 
land in the main valley. ^ 

13. 73ie area shown on the map (Fig. 146) is taken from a Britirii QrdnanceMap. Thecontouxa 
are drawn at intervals xd 100 ft,, and the dotted lines represent roads. 

(i) On the map mark the ^ollowing^— (a) A river flowing from B to the southem edge of the 
map, and one xight-mnk tributary. (6) One area of moorland and one area of meadowland; shade 
U^ytheseareasindiffeicntwaysand print tiiowoidsUoorandlUEeadowontheshadixK- (e) The 

&om D to G through E as a flrst-riassroad unfenoed on both rides where it rises above 700 ft^ 







Pig. 146. 

(ii) Under tho lnap^^ 

(а) Biridc tho ^ren line to show the scale of tho map in miles. 

(б) On tho ruled lines, draw a section (or profile) of tho road which mns from 1) to O 

through H* nsing the vcrUcal b(^o which is marked at tho aide of tho lines, 
(c) State in miles the length of the road BHG. 
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'' I*ig. 147. 

14* The map (Fig. 147) ahorra part of the South coast of Fogland. The contouts ate drawn 
from Bca-lerel at 100 ft. int^als. Examine the contouts carefully and the positions of the points 
Pf Q, By S. \ 

(o) Shade the areas which are 600 ft, and over. ■ 

(b) On the ruled lines draw a profile-section of the country along the joining S and P. 

(e) Draw two right-bank tributaries of the main river. 

(<Z) Show the most likely track of a railway from Q through B to and mark tunnels, 
(e) Show the watershed in the south-eastern portion of the map (south of P). 
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10. ConMiIcr Fi^. 148 And— 

(o) Dctcribc gencmlly the relief And vrite notes on the more importAnt physical features. 
(6) Suggest broad physical dirislon^. 

17. Sludv the map (Fig. 149). The contour intcrrals are 100 ft. Tlie figures near X and Y 
giro the heignt In feet of the liTcr at these points. 

Tiro road*. A to B and C to Dp croM the region. 

(o) Shade the parts over 800 ft. 



Fig. 140. 


(6) Mramiro the diitanee by nVr from X to Y, and find the average fall of the river 
fxprtwd in inrArs per miUm 

(e) In what general direction is the river flou'ing 1 

(d) Describe in deMil the course of the road from A to B. llotr does it differ from 
that of the road from C to D T 

18. Consider Fig. 140 and— 

(а) Describe generally the relief and vrrite notes on the more snportant physical features. 

(б) Suggest broad physical divisions. 

10. Compare the eoa8t.lineR shotm on the accompanying maps (Fig*. ICO). Describe and 
explain tbeir characteristle features. 
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Fig. 151. 


20. Bcscribo and ex- 
plain tbo physical features 
of the rc^ons represented 
on the maps (A-D) (Fig. 
161.). 

What change would 
take place in C if the region 
were slowly nplifted ? 

^ 21. Study Fig. 146. 

(а) Identify foatnres 

each as escarp* 
ment. vaUcy« 
spur* ridge. 

(б) Attempt a general 

description of 
the relief and 
phyrical features 
as suggested by 
the contours. 

(e) Suggest twoorthree 
distinctiro phy- 
sical re^ons,e.p. 
river basin, dis- 
sected platedu, 
etc. ! 

22. Consider Fig. 147 
and— 

(o) Identify featura 
such as escaifp- 
ment, valleyf 
qiur, ridge. ' 

(6) Attempt a general 
description of 
tho relief and 
physicalfeatures 
as suggested by 
the contours. 

(c) Suggest two or 

three distinctivo 
phyrical regions, 
tjg. river basin, 
dissected plat- 
eau, etc, 

(d) Describe the ooast- 

land. 

(e) State what is note- 

worthy in tho 
course of the 
river .flowing 
from N. to 8. in 
the easfcm part 
of the map. 
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Ordkakcq lllArs 

(See Chapters IV.-VII.) 

The following qnestions 1 to 20 aro based on Iho Tourist Edition of tho Lako District map, 
which is reqiiir^* but most of them can bo adapted for uso with any other Ordnance Map. 

Suitable maps for stud}* are Bbccts dealing with— 

(a) TIio Pcnnincs, Cotswolda, Chiltems, Downs, Lincoln Edge. Lincolnshire and Yorkshiro Wolds- 

{b) Korth Wales, Highland and Southern Uplands of Scotland (especially rircr ralleya of sucli 
regions). 

(c) Cornwall and Devon, especially Dartmoor, Exmoor. 

(d) Pcnland, Vnle of Pickering, Weald, Lower Trent Valley, Vale of York, 

(c) Coasts of Holdcmess, S.E. Suffolk and Essex, Kent and Su«<ex. Comwall-Dcvoti, W. 
Scotland, Moray Firth. 

A suitable selection can bo made from tho Index Sheet of the onc-inch Ordnance Maps. It 
is advisable (1) to study carefully examples of maps representing different types of counti;)*, and 
(2) to analyse them on lines suggested by the following questions:— 

1. Hedueing tho scale lo.C ml. to 1 In., draw sketch-maps showing— 

(a) Distribution of woodland, and account for its presence. 

{&) Lakes and streams, noting what features In the original aro necessarily distorted. 

(e) Routes and towns, explaining how far tho sites of the towns reem to be influenced 
by physical features, 

' 2, Adopting n sealo of 6 in. to 1 ml., cnlaige portions of the map as follows:— 

(а) Districts (say about 10 or 12 sq. ml.) immediately around (i) Skiddaw, (ii) Hclrcll^-n, 

(lit) Scafell, noting wbat may be drauced from the contours and nnnl^'sing character 
of tho slopes. 

(б) District covered by squares FI, F2, F3 on the grid (Buttermere, etc.), writing brief 

notes on tho physical features. 

.3. Reducing the scale to 4 ml. to 1 in., draw sketch-map showing- 
fa) The relief simplified. (b) Tho drainage. 

4. Uso tho abovoskotoh-mapstoBUggesi possible division into physical (or pbysiographic)regions, 
justifying such division. 

6. In connection with the map required in 3 (a), explain Uio method adopted for showing the 
simpUfled relief features. Why is it difficult to reduce tho mop literally in this respect? 

0. On a redneed sketch -map (sealo 4 ml. to 1 in.) show tho distribution of villages by a small 
circlo and towns by a square. 

7. DisouBB broadly the general distribution of population shown on this map, and czploin 
clearly why tho blanks occur. 

8. With tho old of o skctch-mop of scale 4 ml. to 1 in., csmlain how far tho area la served by 
(i) first-class, (ii) second- and third-class, roads, and account for tho occiirroneo of these different 
types of road. 

0. Draw sections truo to horizontal scale, and with tho least possiblo oxa^cration of vortical 
scale for country indicated by a straight lino between tho following places >— 

(o) Amblcsido and Windormere. 

(6) Buttormcro to Borrowdale. 

(e) Great Dod (D7) to Barton Fell (DIO). 


K.r.a. 


15 
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10. Describe character of coantcy shown by the above sections. 

11. Draw longitudinal sections of the roads from — 

(а) Kendal to Bowness-on-Windermeie. 

(б) Kendal to the township of \l^dexmere. 

(e) Coniston to Ambleside. 

12. Compare tho character of the above roads, giving reasons for any striking diSerencos. 

13. Draw ^otch-maps of the following lakes on a scale' of 6 in. to 1 ml., and include sulfidcnt 

contours to show tho relief of the lakeside regions; — * 

(u) Hawes Water. (6) Gomston Water. > 

(e) Wast Water. (d) 'DUswater. 

(e) Thirlmcre. (/) Orummock Water with Buttermere. 

14. Similarly draw maps on scale of 3 in. to 1 ml. 

(a) Windermere. 

(b) Derwentwater with Baasenthwaite. 

16. Analyse tho maps drawn under 13 and 14 in an endeavour to describe the general features 
of the various lake basins of the Lake District. 

IG. ^Diking tCrout Beck flowing into the eastern ude of Windermere, draw an enlarged skotoh- 
map on scale of C in. to 1 ml., showing thocontours. Then draw about half-a-dozen cross-sections of 
tbo valley, and, using them, discuss tho physical ebaraoter of the valley. 

17. Draw, based on this map, contoured sketches on an enlarged scale of 6 in. to 1 ml to show (i) 
a hanging valley; (ii) a col; (iii) a re-entrant; (iv) a spur; (v) a scarped slope; (vi) a oiique; (vii) 
a rounded hill; (viii) portion of dome with radial drainage. 

18. Analyse the place names, e.g. jnkc, fell, to iUnstrato the general choraoter of the phymeal 
features. 

10. Select from the rcrion (i) a main valley floor; (ii) a lakeside plain or border; (Iii) a lofty 
summit ; (iv) a moderately high plateau; and describe the general character of the landscape as 
seen from your position. 

20. Co-ordinate what you have deduced in connection with Quesiaon 19 and give a summary 
account of tho landscape associated with the Lake District. 

21. For each of the small maps for Ambleside (page G4), Sedbergh (page G4), Banchory 
(page 32). Cheddar (page 32), apply from tho above exercises the following questions: 1, 3, 4, 
G. 7. 8. Contrast the physical features and relief of tho Banchoxy and Cheddar maps, briefly noting 
tiieir probable effect on human occupations. 

22. Describe and compare tbo methods of ahoidng i^ef on any topographical maps known 
to you. 

«Vofe.— The British quarter-inch and one-inch Ordnance Maps, and various editions of tho 
onc-inch Ordnance Map offer scope for this question. 

23. Write a sliort essay on the nsefnlncss and tho limitations of contours for showing relief, 
illustrating in the latter respect from maps for regions such as the Scottish Highlands and the 
EnglUh Fcnland. 

24. Describe and comment upon tbo conventional methods used on Englirii large-scale 
topographical maps for indicating communications and features coimeeted with them. 
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25. Dcscribo the Tarlous s^bcds used in oonneotion with *'Man and bis Work” on iho 
ono-inob (Popular Edition) of tho English Ordnance Map. Note any improvement in the Symbols 
of tho Eifth (Belief) edition. 

26. Eor what spcoial purpose in tho study of physical geography do you t hink tho following 
pififfliph Ordnaneb hlops axo ns(^: quarter-inohi half-inbht and one-inch to tho mile respectively? 
Suggest how any of tho above maps moy bo mislewKng for this particular purpose. 

27. Answer nnularly for tho economic geography deahng with occupations and trades. 


'Map Drawing prom Data 


(See Chaptora V^Vli.) 


1. Make sketch-maps with suitablo land and sea contours to show tho following on a scale of 
2 ml. to 1 in•^— 

(i) A low sandy duno-bordcred shoro line, with drowned valley estuaries and binged with 
low ii^nds. Along tho coific tlio hinterland is flat plain, rising inland to undulatiim country md 
finally to chalk upland porolld to tho coast and forming a dissected plateau with scarped side . 
furthest from tho coast. 

(ii) A drowned coost, with fjords and tributaries, fringed by a skcnyguord of islan^. The 
land is essentially a plateau about 3,000 ft. high, dissected by drainage emptying mto tho fjord. 


(iii) Two roughly parallel cast-west ranges of chalk hills about 900-1,000 ft. hi^, wi^ an intcr- 
voni^ lowland about 30 ml. wide along which run low hills of sandstone parallel to tho chalk ran^s. 
Streoms rise on either sido of tho sandstone ridge and flow towards tho chalk, through which they 
pass by narrow gap valleys to join a largo river and the sca-coast respectively north and south of 
tins upland region. 


2. Draw, stating your scale, contoured sketch-maps to show— 

(i) A Btrotoh of inland conntiy about 40 ml. -by 30, consisting ossentiaUy of chalk uplands 

with a weU-dovdoped escaipmont from which streams flow to a bordering lowland. On the upland 
show of ridge and plateau, and give an example of n wind gap. Two consequent streams 

flow along tho gentler elope and unito on tho adjacent plain. , 

(ii) An area of about 60 ml. by 00 showing an oltemation of roolgr jpcninsulas ond long, nniMw 
opening (rias), the hintorlond being an uplnnd plateau dissected by valfcys whoso streoms flow mto 
the rias. 


' (iii) An irinnd about 40 miles long from S.W. to N.E. ond varying in breadth from about 
30 miles in tho S.W. to 10 miles in tlio N.E. Tho S.W. coast is muoh disweted with long, noirow, 
fiord-liko openings ond is fringed by a number of small rocky idon^. Erom this coast the land 



broad, hrom tno piam a range oi mus rises w-uio — 

6 mflcB wide. From these hilfi rivers flow to both plains, and also from tte plateau to largw 
plain. Tho plateau is of limestone, ond tho hills, which oro of chalk, run down to the cosst m the 
N.B. to form diffa. Muoh of tho smaller coastal plain is marsh, but tho larger ptom into which 
two estuaries open, oonsista mainly of well drained land on whidi alluvium prodomma^. in 
addition to relief, show drainage features, possible* sites of human aettlement, and Imes of 
Gommuxucation. 
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Weather aed Guoiate Maps 

{Stt Ghaptcrs 1X« and X.) ' 

The questions 1, 7, 8, 10, 11 ato taken from Cambridge School Certificate papers, 26 

from Cambridge Higher Certificate papers by kind permission of the Local Examinations Sy&fiicate 
of the University of Cambridge. 



1. Study the map 
(Fig. 162) whidi records, 
on a day in late No* 
vembor, the corrected 
barometric pressures at 
cert iun land stations , 
and ship positions. 

(а) Join with neat 
lines all stations hav- 
ing the same pres- 
sures. 'Whatnameis 
given to these lines ? 

(б) Draw a graph 
on the lines below tiie 
map to show the vari- 
ations of pressure 
along the line X-Y. 

(e) Describe the 
distribution of pres- 
sure as indicated by 
the chart. 

2. Explain why the 
maps (Fig8.44-67} given 
in Chapter IX. would 
bo of z^tively little 
use in explaining the 
dimaU of the Imtish 
Irics, though they iUus- 
tratc sev«^ types of 
British tccalher. 


3. Write a short 
account of the climate 
of ^eBritirii Isles, and 
suggest types of dia- 
grams or maps which 
might be used as illus- 
trations. 

Fig. 162. 4. In what way 

docs on isotherm map 

or an isobar map (a) resemble, (6) differ from, a contoured map 7 Wl^t adjustment of data is usual 
before preparation of isotherm and isobar maps 7 Criticise such adjustment. 

6. What data, not necessarily rainfall statistics, would you require for preparation of (a) a 
rainfall graph, (6) a rainfall map 7 How could the graph be made auxOiary to the map 7 
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® leather map to show (o) Trhat information can be deriTcd from it: 

( 6 ) Troat data would do reqnind for its preparation. . 

7. On tile map (Eig. 163) the isothenne are drawn for mean sea-level tempexatnies in degrees 
Fahrenheit. 

(а) On the map^ tiiade the area in Ireland wlme the mean sea-levti temperatore for 

January is highest and the area in England where it is lowest. 

( б ) State^ to the nearest degrra* the mean temperature at A in Jnly and at S in January* 

Explain how yon obtain yonr answers. 

(e) Ezpimn the InegdlaritioB in the Jnfy isotherm 60^ F. and in the Jannary isotherm 
32” F. respectively. 

8 . Study the Weather Charts in Fig. 166 and notice the dates. 

. (a) What does mb standfor^ and what is the value of 1 4 n 6 ip inches? 

( 6 ) Show, hy arrows in each chatty the 
direction of the wind on the N.E. 
coast of Scotland and on N.W. 
coast of France. 

(c) Eescribe tiie preamre changes which 

took place in the 24 hours. 

(d) How would these changes have 

affected the weatW in S.W. 

England? 

9. Give a general account of the weather 
whitii would be likefy to occur under the con- 
ditions shown on the baromefrio charts given in 
Fig. 154. Indicate on tiie maps the diieotions • 
of the winds. 

10. The map (Fig. 166) shows the corrected 
readings of the haromoter, in miUibars, at a 
numhw of observation points in Western Europe 
at*7 a.m. on a certain morning in hlhxdi. 

(а) Draw the isobars of QOO, 095, 

1 , 000 , and 1,005 mb. 

( б ) Indicate by arrows the probable direction of the wind over Western Ireland, Southern 

• England, Denmark, the Shetland Islands. 

(e) How did you decide in which direction to point the arrows when answering ( 6 ) ? 
i (d) Describe the distribution of pressure tiiown on the map. ' * 

11. The map (Fig. 157} shows the distribution of atmospheric pressure over Western Europe 
at 7 am. on a certain Kbvember day. 

(а) Explain the significance of the words ES^^aad Low which arc printed on the map. 

(б) Indicate arrows the probable direction of the wind over H.W.lrtiand,N. Scotland, ' 

N. CJoast of G^ain, and Denmark. 

(e) Shade lightly the areas where rain would probab^ fall during the (lay. 

,(d) How would the weather experienced during the day in S.E. England differ from that 
experienced in Southern Spain ? 
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12, On the weather mara 
^igB. 44^7) comment on the 
direotion of the midn air op- 
rents and Comoro them with 
the conTcntionai planetary wind 
j^yatem. 

13. Write a short essay 
on the methods of weather 
foreoastingf and note what un- 
foreseen footers may possibly 
mtetfere with the forecast. 


14. Compare any two maps 
diowing t^ weather conditions 
Bssocdated with cyclones^ and 
antii^oloncs (a) in winter» 
(6) in summer. 

15. Upon the isohario chart 
for a day in December (Fig. 
168)— 

(a) Ins^ aiiowB to indi- 

cate the directions 
and relative force 
of the winds. ' 

(b) ladioate areas where 

rain or snowt tluok 
dond, fog, may be 
enoonntemd. 

(e) Dlustrate the variation 
in atmospheric pres- 
sure by graphs dmwn 
alone the fines ABO 


(d) What weather would 
be experienced at the 
time, of observation 
at BOTkjavik, laver- 
pooh Borne, and Odo? 
Mark their positions 
on the chart. 


16. What weather system 
does each of the maps (Figs. 
169, 160) typify? Describe we 
general conditions associated 
with snoh systems, end give 
reasons for any qpedal featpes. 



Fig, 160. 
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17. Beckon 
tho gradient from 
A to B and C to 
I) on diagram 
161, and in&ato 
the probable di- 
rection of the 
dominant winds 
in the area 
covered by the 
isobars. 

18. From 
data in Fig. 1C2 
construct a suit- 
able isotherm 
map, 

19. Referring 
to Fig. 44, sug- 
gest the probable 
weather condi- 
tions at Valencia 
(Ireland), Dublin, 
jplymouth, Jlan- 
chester, Oxford, 
Brighton, Lon- 
don, Cambridge, 
and account for 
any differences. 

20. Referring 
to Fig. 48, for the 
same places, simi- 
larly discuss the 
weather. 

21. Referring 
to Fig. 47, simi- 
larly discuss the 
weather for Oban, 
Edinburgh, Aber- 
deen, Wick, 
Reykjavik, Oslo, 
Copenhagen, 
Stockholm. 

22. Referring 
to Fig. 67, analyse 
the weather 
shown in the pres- 
sure conditions 
known as a "col.” 
Describe and ex- 
plain the weather 
surrounding the 
col. 
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23. Bcfcrring to Figs. 48, 40, 51, 52, attempt aomo comparison of c^olonlo conditions at 
diffcicnt times of tlio year. 

24. Using Figs. 53, 54, make aomo comparison of the ‘ircathcr associated irith a Sccondaiy 
Depression and a Wedgo of High Pxcssnic. 

25. On the map given in Fig. 103, which shows isotherms for Jannaiy^ and July, draw 
lines of equal annual range of temperaturo. Ckimmcnt on any points of special interest. 

Map pBOJEcnoKS. 

(See Chapters Xl.-Xin.) 

1. What would guide you in determining whether an atlas map of tho world was on the 
Mercator or the Mollwcido projection T 

2. Give instances in conneotion with world maps for which tho Mercator and Mollweido 
projections would ho (i) suitable, (ii) nnsuitahlc, stating reasons. , 

3. Why might a Mercator map bo fairly suitable for showing world distribution of rice 
or mbto, but not of 
wheat? Suggest, giving 
your reasons, a better pro- 
jection for rico or rubber^ 
distribution. 

4. How would you 
recognise azcidthal projec- 
tion from a general in- 
spection? Name some of 
the chief zenithal projec- 
tions and give their main 
oharacteristidis. 

5. For what types of 

.map might some of the 
better-known zenithal pro- 
jections bo used ? Mention 
briefly some of tho limita- 
tions of this class of 
projection. ^Fig. 103. 

G. Which should you prefer for a world map to show relief features: tho Sanson-hlamstecd 
or Mollwcido projection ? Give reasons. 

7. Point out tho usefulness of tho following projections for specific purposes: Bonne. Simple 
Conical with ono standard parallel. Conical with two standard parallels. 

8. What projootions would you uso for Africa and South America (i) to emphasise orthomor- 
phlsm, t.e. correct shape, (ii) to riiow distribution of rubber, cotton, and wheat? Give reasons for 
your choice. 

0. What projections would you select to show (i) route of tho Canadian Pacific Hailwa^s 
(ii) tho ilississippi basin, (iii) prevailing winds and ocean currents of tho Atlantic and Pacific 
Oceans ? Give reasons. 

10. Say why you 'consider the following projections would bo unsiutablc, viz. (i) Mercator for 
Canada, (ii) Sanson-Flamstccd for Australia, (iii) Bonne for Eurasia (t.e. Europe plus Asia), (iv) the 
Simple Conio with one standard parallel for South America. 
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11. Comparo and contrast the wopcrties of Conical and ^lindrical projections. Mention, 
giving yonr reasons, one ze^on for cadi is, and is not, suitable. 


GEiifERAL Atlas Mats 


1. In connection vrith Atlas maps, mention the contour intervals jjra have s^ used fw maps 

of (1) tho World; (2) a continent like Afnca or South Amenca; (3) England and Wales; (4) France; 
(6) Sintzcrland; (6) India. - 

In each case suggest tho ^rpo of features which tho contours are designed to show. In what 
way do tho rdief features of these maps differ from those of large-scale topographical maps ? 

2. What do you understand by (1) a physical or phydographical region; (ii) a climatic repon; 
(iii) a natural region T To what extent would your ordinary atlas maps bo useful m dotermmmg 
rach regions for (1) a given country; (ii) a continentT 


3. To what extent do yon consider that a small-scale atlas map gives an erroneoM or, a 
limited impression of tho rdief of a continent 1 Li this respect comparo an ^as mapm Aorth 
America with the topographical maps on a scale of 1 : 60,000 for, say, the Western Highlands 
in Oregon and Washington. 


4. In connection with any atlases widi which you ate familiar mmition what material it 
contains wMch will help yon to— 

(i) Explain tho ^stribnticn of population in England and Wales. 

(ff) Suggert broad climatic re^ons for a continent like North or South America. 


5, Comparo tho ordinary dimatio maps of a good school atlas with the weather maps issued 
by tho Mcteopolopcal Office. Bring out differences as regards content and symbols used, and 
suggest for what particular purpose each of map is intraded. 

0. How would you use reasonably good atlas maps to hdp you in describing the coracction 
between physical features and routes in Switzerland and Ermice? Which do yon consider the 
more direct^ useful for tlus purpose and why? 


Distribution Maps 

(See Chapter Vili). 

1. You have for a certain repon— 

(i) A table showing tho number of sheep per parish. 

(ii) Two distribution maps mode respectively on the shading and dot method. 

(iii) A graph curve diowing comparativdy tho number of dicep per parish. 

Arrange the above in the order of what you deem to be their nsefnlncss, pving reasons 
for your choice. 

2. Tteat, in like manner, slndlar data bearing upon the'^pulation of (a) Yorkriiire, (6) Lincoln- 
shire, (e) Cornwall, and say what factors hero come in which do not concern us in data for crops 
and cattle. 

X.B^— Treat each county os for a separate question and note any points connected with the 
distribution of population In each county. 
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3. Say hov you would use an atlas vcmtation map in connection with relief and climate maps 
of South America to suggest a cliTlsion of that continent into broad natural regions T How may tbo 
Tcgctaiion map, if used alone, give a false or one-sided impression 7 

4. Describe the methods adopted for collcoting data relativo to tho number and distribution 
of cattle and sheep in England and Wales. How can the availablo data bo used for mapping tho 
distribution of sndi stock ? How far do you consider that such data and tbo maps which can bo 
made from them fail to represent tbo normal distribution of stock in this country’ 7 

5. ^Mlat aro tbo chief difBcnltics and problems involved in tbo compiiation of a popt^tion 
map (o) of England and Wales for reduction to n scale suitable for atlas pumscs; (6) of a lixnitcd 
area, say a county or part of a latgo county on a f calc of 1 : 63,360 for ilfustration of a regional 
ussay 7 Suggest ways of overcoming or minimising such diiGcnlUcs. 

6. Wlint are tho chief difficulties as regards data for, and preparation of, maps to indicato 
tcmpcraturo7 Comment on the limitations of temperature maps. 

7. Explain, witli illustrativo sketches, how you would represent by diagrammatic or 
cartographical methods — 

(а) Variability of rainfall and temperaturo for a certain station for a period of 20 years. 

(б) Variability of population for a town and for a county as indicated by tbo figures for two 
separate census 3 *car 8 . 

Point out any special diflicultics in connection with tbo use and adjustment of the available 
data, and say bow you would overcome them. 

A*o2c.--^o) and (6) above can bo regarded as separate questions. 

8. Describe and criticise any^cartograpbical methods you bare seen in atlas maps and textbook 
diagrams designed to show density of population. 

0. WJiat types of map sometimes used lOiindicato density of population or stock fail to show 
adequately ila distribution 7 Give reasons for such failure and suggest a remedy. 

10. What data would you need to make a rainfall map of, say, England north of tbo Mersey 
and Humber 7 Given tliis data, explain bow you would produce such n map. Koto its limitations. 



EXERCKES ON PART 11 

Most of Part II. deals Trith practical surveying as applied to map making. 
The best esercise after having seen^ handled, and mastered the use of the various 
instruments, is to undertake some practical outdoor work with the instruments. 
Students in the Geography School of a Universily can normally obtain practice 
under expert guidance. Others must rely upon vacation courses, private help 
firom surveyors, or upon their own resources. It is mainly for the latter that 
the following exerdses are drawn up. To attempt them will give a concrete 
basis to what has been read in the various chapters. 

The exercises are not graded in order of difficulty. The figures after each 
question refer to the various chapters containing relevant material. 

No specific exercises axe given on Geological Maps. Students are advised to 
select suitable maps, (1) to explain the physical features by the rock structure, 
(2) to study the sections on the maps with a view to drawing others sunilar to 
ihem elsewhere across the map. 

1. Knumcrato and emphasiso the rcIatiTe importance of tho Tarious stages neccssaty in the 
trigonometrical smroy of a large area snoh as the British Xslcs. (Chapter STV.) 

2. A suitable base-line having been detoimined, describe* with iUnstrative sketches* the simple 
triangulation of an island of* say, 6*000 sq. ml. area* when tho mean-sca-level is known* but no 
previouEly computated tr^onomctrical heights are available. (Chapter XIV.) 

3. Suppose an island such as Tasmania* with about 20,000 sq. ml. area* had not been surveyed 
previously* and that it was desired to make a topographical survey, reasonably candm* but not 
of minute geodetic accuracy. The aim is to make a reliable topographical map mainly ly mwns 
of careful theodolite triangnlation, supplemented by plane-table work. Enn merate the vanons 
steps in such a survey and comment upon their importance. (Chapters Xl\ .-XVII.) 

4. As separate questions, select each of the steps enumerated in the previous an^r* and 
describe the procedure in some detail. (A good atlas map of Tasmania wiU bo of assistance in 
framing Ihcso answers). (Chapters XIV^X\TI-) 

5. Make a list of tho various instruments and accessories you would consider necessary in 
such a survey as that referred to in Question 3, and add brief notes why you consider each one 
suitable for the particular purpose in view. (Chapters XI\^--XVn.) 

6. It is desired to make, for a large-scale map of 1 : 6,000, a topographi^ surviy of a^ut 30 
sq. ml. around a viUngo in one of the Bast Pennine dales. Outline tho method 3 *ou would follOT in 
such a aun-ev, supposing tliat the relevant one-inch Ordnance Map of the c^trict was available. 
How would your map ditfer from the Ordnance Map mentioned ? (Chapters .-X\ II.) 
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7. A tropical conntxy has been covered by triangnlafion in a careful triconomctrical survey, 
ft is ^ired to fiU in topographical detail in (1) a \ddo alluvial plain uratcrcd by several rivers and 
mainly devoted to rice culture; (2) utdand boracring the plain and rather densely forested. Esqplain 
how you would fill in topographical &tail in the two regions* and for this partionwr purp oro com pare 
the usefulness of survey by (a) plano*tablo; (6) chain and staves. (Chapters XV. and XVn.) 

8. Describe some form of prismatic compass so as to bring out the principles undcr^'ii^ the 
use of tide instrument. Say how far it could bo used in tlio survey of a small estate consiiriing 
of some woodland and tluco or four fields whoso area varies from G to 10 acres. (Chapter XVI.) 

9. Describe the essential principles of some form of dinometer and explain its use by indicating 
how yon would contour the slopes of a rather deep and rclativdy narrow valley such as might bo 
found in Hmestone country. (Chapter XVII.) 

10. Describe the essentials of the " Indian " clinometer in comparison with clinometers of other 
typos. Show how its advantages are apparent in the detailed topographical survey of a small 
stretdi of hilly country where a framework of trigonometrical stations has previously been obtained 
by trian^ation. (Chapter XVII.) 

11. Describe* with illnstrativo sketch* the mapping of a park of about 100 acres* with woods 
at the S.W. and N.li. comers* and a strcami crossed by three bridps, flowing from N.W. to S.£. 
Boads cross the park from the S. and E. sides. There is a lodge at l£o E. gate, and a mansion, with 
chauffeur's cottage* is situated about tbo centre of the park. 

^ (In this answer* no de/af/ed description need bo given of the roprosontation of relief.) (Chapter 
XVI.) 

12. Describe how yon would make a dosed traverse of a path bordering the whole of the park 
referred to in Question 11. Say how you would adjust any errors apparent when the field-book 
entries were plotted. (Chapter XVI.) 

13. Guided by the following data* describe how you would map the relief of the park referred 
to in Question 11. Except that in the N.E. comer there is a circular knoll of about 40 yd. diameter 
and some 65 ft. above the general level of the park* the latter has no prominent icuef features. 
Some trigonometrical heights aro available, namely 268 ft. the highest point of the knoll, 205 ft, 
near the N.W., 173 ft. near the S.W., and 185 ft. near the S.E. comer of the part in which there is 
a broadly uniform slojio from N. to S. In the lower half of its course the stream is artificinUi’ 
embanked some 4 ft. above the surrounding level. (Chapter XVll.) 

14. Explain, with sketches, how you would mcasuro the altitude of a small and conveniently 
accessible ridge from 300 to 600 ft. above a known height on surrounding land of generally uniform 
level. Tbo ridge stretches from E. to W.* its steepest side, a regular soam-Iinc, being on the south, 
and tiio northern side being broken by the head waters of two northward-uowing streams. (Chapter 

xvn.)' 

15. Dcsoribc* with skotohes* the contouring of a sand dune about 60 ft. abovo mean Eca-lovcl» 
with the steepest side on tiio seaward face and tho landward side fretted by minor xc-ontrants, the 
dune being rolativriy permanent and covered with binding vegetation. (Chapter XVIL) 

16. Describe* with skotdics* tho contouring of an elliptical knoll* whoso highest point is 80 ft. 

above the known initial level* and whoso major and minor axes oro icspcotively lOb and 60 yd. 
(Chapter XVU.) ' 

1 17. Describe* with sketdhcB, the contouring of a series of four river terraces which rise from 
tho fiood-plain of a rather wide meandering river, tho highest tcrraeo-bcing 40 ft. above the general 
level of the flood-plain. (Chapter XVn.) 
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IS. Tgvpto?", with apprcadmate contoured sketches, how, given a topogiapWcal map roch m 
_ . r , — ASr it._T> — 1 . 60,000 map von would set about determining the 

* .MM .s a. TT \ 


tlio Britbli 1-in. Ordnance Map, or tbe French 
intcrvisibili^ of pairs of selected points on the map. 


(Chapto XVn. and Chapter V.) 


39. Describe the principle of the aneioid barometer, and explain nnder what^cumst^s, 

and hoxr.you'K'Otddnseit to ascertain height of land in a newly colored country. (Chapter 

20. Since the preparation of the last edition of a certM dieet of the Ordnance Su^cy Six-inch 
Man, a considerable area of what was once agricidtural and matk^-gardening land has been devoted 
to town-planning on “ garden suburb ” lines. How woidd you bring the map up-to-date to sbpw 
the new houses W streets, and what instruments would yon require ? Give reasons for choice 
of such instruments. (Chapters XV. and XVI.) " ^ 


21. Describe tbe work yon would do with prismatic compass, Gunter’s diain, and clinometer 
durinc a few days’ traverse of field boundaries and roads in a lowla nd ro ch as the Fen country. 
Dlustratc by specimens of field-book entries. (Chapters XVI. and XVXL) 

22. Plot the above field-book entries and say how yon would adjust any posdblc errors. 
(Chapter XYI.) 

If the work indicated in Question 21 was done around villages of the lancolnshite or 
Yorkshiro Wolds, how would it differ from that und ertaken in the Fezdand T Give specimen 
field-book entries and plot them. (Chapters XVI. and XVU.) 

would prepare the plan of a small village, with village green and with 
cross-roads. Give reasons for choice of instruments you would use, 
etch of what the plan might bo like. (Chapters XV. and XVI.) 

25 How docs the exploratory surv^ for an explorer’s route map differ from that of good 
topo^wapbical survey ? Suggest suitable instruments for an eaploiing par^y whoso time is limited 
anff whoso fociUtics for tran^rt ate not good,’ supposmg they are engaged m the survqr of a 
tropical island such as Hew Guinea. 

26. Give illustrative sketches to show the type of work winch xni^t result from methods 
noted in the preceding question. 

*>7 What methods would you adopt and what instruments would you use in a property 
survey to check the plans of an estate. How and why does such a survey differ from topographical 
surveying ? 

2S. It is desired to install telegraph lines through a belt of undeveloped cotmtzy some 60 ml. 
loncliv "^0 broad, lines being required for both longitudinal and transverse dxreotions. A range of 
woodccl hills, whose highest points exceed 2,000 ft., extends through the centre of the longest part 
of the remon, the remainder of which is open grassland. Describe a siinplo method of surr^ which 
will produce a map sufficiently accurate for use of the engineers, and give reuons for 

choice of the instruments you would suggest. (Chapters XV.-XVII.) 


24. Describe how you 
dwellings grouped around 
and illustrate ay rough sk 


29. Draw a sketch to represent a map which might result from such a survey, and note its 
limitations. 


30. Describe how you would set about a rough detcnninatxon of the relative heights of the 
salient features in an nnexploted area of contrasted relief. (Chapter XVII.) 
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31. B and C aro points known on tho mund and approximatoly S.W. and S.E, of another 
known point, A. If thcso throo points have been plotted on a plane-table, and if their heights an 
known, explain (1) how a point roughly S. of A, S.E. of B., S.W. of C. can be plotted on the piano- 
table; (2) how tho height of this point can bo ascertained. (Chapters XV. and XVn.} 

32. Describo how to set up a transit thcodolito over an indicated station, Y, so as to read tho 
anglo XYZ between two other stations X and Z, both ** faco right ” and face left." Show how 
you would record entries in tho angle-book. (Chapter XIV.) 

33. Describo how to make, on a scale of 1 : 16,840, a contoured map of about 4 sq. ml. of 
upland of tho *' Downs typo, if three well-distributed trigonometrical stations risiblo from all 
parts of tho region aro plotted on your paper and if their lercls have been ascertained during 
triangulation. Yon are allowed tbo uso of Plane-table and Indian clinometer and must fix your 
additional stations by rcscotion. (Chapters XV. and XVJI.) 


General Queshons {Mainly on Pari I.) 

1. Draw contoured sketches to show a cirque, a dmmlin area, a hasin of inland drainage in 
an arid climate, and add brief notes to explain their typical features. 

2. Draw contoured sketches to show tho difforcnco between tho drainage of a chalk platcan 
of fairly uniform height and that of a clay vale adjacent to tho plateau scarp. Add brief 
explanatory notes. 

3. Draw contoured sketches to show the characteristics of a fjord coast and of tho adjacent 
country, where ihcro may bo ribbon lakes which further sinking of tho land would transform into 
fjords. Mark tho sites of possible scttlomcnts and giro reasons for the same. 

' 4. Draw contonred skctchcslo show tlio sites of probablo human scttlomcnts— 

(i) around an estuary which cuts through a rango of chalk hills, but which is mostly surrounded 

by lowland. 

(ii) in chalk uplands, tho scarp sido of which is fretted by tho hcadwators of small streams. 

thcro being sororal wc^-dorclopcd valloys on tho gentler anti-scarp slope. 

6. Draw contonred sketches to show tho relief features and drainago of a formerly glaciated 
area and add brief c^lanatoxy notes whoro desirable. 

6. Writo a short essay dosoribing and criticising tbo methods of showing relief on (I) topo- 
graphical, (ii) atlas maps. Bcfcr to concrcto examples when possible. 

7. To what extent is tho practical surroyor concerned in the representation of rolicf refened 
to in tho last question T What instruments would ho probably use and for what specific purpose T 

8. What is meant by tho cartographical characteristics of a map 7 Illustrato by reference to 
tho latest odition of the English 1 : 03,3CQ, or tho French 1 : 60,000 Official maps. 

0. Similarly treat tho International 1:1 million map. 

10. Compare, from tho standpoint of cartographical methods employed and tho practical 
usefulness of such methods, the Tourist’* maps and tho ordinary Popular Edition shcots of tho 
ono-inch OB. map. 

11. Comparo tho oartcgraphieal methods used on the onc-inch map (Belief Edition) and six-inch 
O.8. pliin. 

12. What do you understand by “ h 3 'drographical *’ features 7 Illustrato by rcfcrcnco to any 
topographical maps contained in this book, and briefly describe such features. 


M. p.a. 
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HINTS FOB FDBTHBR READING AND STUDY 

Candidates for -the degree exanunations of .London UnivOTiiy and others 
reqniring more advanced preparation, are referred to the following hooks:— 

Map Work, by V. S. Bryant and T. H. Hughes. A good general treatment of 
the practical methods necessary in map making, with hints for map readmg and 
military sketcliing- 

Maps a«d Surrey, by A. B.Hink8. (Third Edition.) A schotely, but not too 
difficult, treatment of the study of Maps and the processes of Survey by which 
thev are made. A very helpful book, espeoiaUy when used in conj^obon with 
some representative sheets of the various British and foreign Official Maps 
referred to in the chapters on map analysis. 

The Official Teat Book of Topographical and Geographical Surveying, by Sir 
Charles Close and Brigadier H. S. L. Winterbothara. The standard work of 
its kind. Surveying methods required for the production of large-scale top^ 
graphical maps are described in considerable detail. Throughout, th«e is 
rareful correlation between surveying and the map. Much useful information is 
given about projections and maps. An indispensable reference book for more 
advanced students. 

Mathematical Geography, 2 volumes, by A. H. Jameson and M. T. M. Ormsby. 
Vol. I. deals with Elementary Surveying and Map Projections; Vol. H. with Simple 
Astronomical and Trigonometric Surveying, and the more advanced study of 
Map Projections. Founded on lecture notes of courses given to Interiml Students 
of London University, these volumes are very helpful and very practical. 

Land Forms and Life, by C. C. Carter. Largely an analysis of typical one-inch 
British Ordnance Survey Maps and a few similar foreign maps. In each case the 
physical features are examined in sufficient detail to ei^lain settlement and other 
aspects of human geography. Very useful for the inte^retation of topographical 
mops. It is desirable to use as many as possible of the typical map sheets 
referred to in the book. 
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Ordnance Survey Maps; their Meaning and Use, by M. I. Newbigin. Bmgs 
out the ph^cal characteristics of typiral regions like the Western Grampians, 
and is characterised by sound geographical scholarship. 

The Geographical Interyrdation of Topographical Maps, by A. Garnett. A 
useful help to map reading, e^eoially in correlating such maps mth human 
geography. 

■ The Map of England, by Sir Chories Close. Conb^ much useful practical 
information about Ordnance Maps and is very helpful in map reading. 

• Map Making, by Professor P. Dcbcnham. Very useful for surveying methods. 
Contains statistical results of various types of survey; deals uith their entry, 
use, and, if necessary, their adjustment. 

Exercises in Cartography, by Professor F. Debenham. Practical vrork as 
done by first; ycar'students in the Department of Geography, ^mbridge Umver- 
aity. The actual exercises arc accompanied by cleorly-TOttcn chapters on 
various aspects of cartography. The chapters on Relief Models and Block 
Diagrams are particularly interesting apart from their academic value. 

Key to Maps,- by Brigadier H. S. L. Winterbotham. Esplains ^e charac- 
teristics and uses of many types of map. Contains much useful information 
About Ordnauco mups. 

The Weather Map, a standard Meteorological Office publication. Indispensable 
for all about the preparation and interpretation of weather maps. 

The Daily Weather Reports of the Meteorological Office should be ca^ully 
studied and comparisons of typical weather maps made as these are issued. 

Map Pregedions, by A. R. Hinks. A-standard textbook written by a geo- 
grapher for geographers. It is indispensable for advanced students. 

An Introduction to {he Study of Map Projections, by J. A. Steers. Bndeavo^ 
to the mathematical difficulties associated by some students mth Map 

Projections. Is very good for geographical methods requiring a mimm^ of 
This lucid and inqiiring book can be strongly recommended. 

Introduction to the Mathetnatics of Map Prcgections, by R. K. Mellish. Deals 
with the mathematical aspect of the subject and will be of interest to advanced 
students. 
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Geologiml Maps; their Interpretation and Use, by A. R. Dwenyhouse. 
Geological Maps; the Determination of Structural Detail, by B. M. Ghahneis. 
The Study of Geological Maps, by G. E. Elies. 

The fiist tvro books deal with the iateipretation of geological maps, largely 
with a view to understanding the preparation of geological sections. The third 
stresses the interpretataon of geological maps in relation to topographical maps. 
Whatever book is used, there is need for careful study of typical geological maps. 

Stanford’s Geological Atlas of Great Britain and Ireland. Very useful for its. 
maps and for the wealth of explanatory detail. 
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